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(54) Information recording medium and method for producing the same 



(57) An information recording medium which en- 
sures high reliability and favorable overwrite cycle-abil- 
ity is provided, even when an interface layer is not pro- 
vided between a recording layer and a dielectric layer. 
The recording layer and the dielectric layers are formed 
on the surface of the substrate. In the recording layer, a 
phase change is generated between a crystal phase 
and an amorphous phase by irradiation of light or appli- 
cation of an electric energy. The dielectric layers are ox- 
ide-fluoride-based material layers containing one or 
more oxides which each are an oxide of at least one 
element selected from the group GM consisting of Ti, Zr s 
Cr, Hf , Nb, Ta, Cr and Si and one or more fluorides which 
each are a fluoride of at least one element selected from 
the group GL consisting of La, Ce, Pr, Nd r Gd, Dy, Ho, 
ErandYb. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 



[0001] The present application claims a priority under the Paris Convention to Japanese Patent Application No. 
2002-75731 filed on March 19, 2002, entitled "Information recording medium and method for producing the same." 
The contents of this application are incorporated herein by the reference thereto in their entirety. 



BACKGROUND OF THE INVENTION 
Field of the Invention 



[0002] This invention relates to an information recording medium which is used for optically or electrically recording, 
erasing, overwriting and reproducing information, and a method for producing the same. 

Description of Related Art 

[0003] The inventors developed 4.7GB DVD-RAM which is a large capacity rewritable ph ase-change type information 
recording medium and can be used as a datafile and an image file. This has been already commercialized. 
[0004] This 4.7GB DVD-RAM is disclosed, for example, in Japanese Patent Kokai (Laid-Open) Publication No 
2001-322357. The constitution of DVD-RAM disclosed in this publication is shown in Figure 10. The information re- 
cording medium 31 shown in Figure 1 0 has a seven-layer structure where a first dielectric layer 1 02, a first interface 
layer 103, a recording layer 4, a second interface layer 105, a second dielectric layer 106, an optical compensation 
layer 7, and a reflective layer 8 are formed on one surface of a substrate 1 in this order. In this information recording 
medium, the first dielectric layer exists in a position closer to an incident laser beam than the second dielectric layer. 
The same relationship exists between the first interface layer and the second interface layer. Thus, in this specification, 
when the information recording medium contains two or more layers having the same function, -first" "second" "third" 
is given to the beginning of the name of each layer in the order of the layer which is cioser to' the incident laser beam* 
[0005] The first dielectric layer 1 02 and the second dielectric layer 1 06 have the function of adjusting an optical path 
length so as to enhance the optical absorption efficiency of the recording layer 4, and enlarging the difference between 
the reflectance of crystal phase and the reflectance of amorphous phase so as to enlarge a signal amplitude. ZnS-20 
mol % Si0 2 , which is represented also as (SiO 2 ) 80 (ZnS) 20 in this specification conventionally used as a material for 
the dielectric layer is amorphous material. It has low thermal conductivity, is transparent, and has a high refractive 
index. Moreover, ZnS-20 mol % SI0 2 exhibits a high film-forming speed at the time of the film formation, and good 
mechanical characteristic and moisture resistance. Thus, ZnS-20 mol % Si0 2 is an excellent material suitable for 
forming the dielectric layer. 

[0006] If the thermal conductivity of the first dielectric layer 1 02 and the second dielectric layer 1 06 is low, the heat 
which is generated when a laser beam enters the recording layer 4 is difficult to diffuse in the dielectric layers 1 02 or 
1 06 in the in-plane direction, and can diffuse from the recording layer 4 to the reflective layer 8 quickly in the thickness 
direction. Especially when the thermal conductivity of the second dielectric layer 1 06 is low, the second dielectric layer 
106 insulates the recording layer 4 from the reflective layer 8 more effectively. As the degree of the insulation of the 
recording layer 4 from the reflective layer 8 is higher, the recording layer 4 is cooled for a shorter time, and therefore, 
an amorphous mark (record mark) can be easily formed. When a record mark is hard to form, a high peak power is 
necessary for recording. When a record mark is easy to form, recording can be conducted with a low peak power. 
When the thermal conductivity of the dielectric layer is low, recording can be conducted with a low peak power, and 
therefore, the recording sensitivity of the information recording medium becomes higher. On the other hand, when the 
thermal conductivity of the dielectric layer is high, recording is conducted with a high peak power, and therefore the 
recording sensitivity of the information recording medium becomes lower. The dielectric layer in the information record- 
ing medium exists in a form of such thin film that thermal conductivity cannot be measured accurately. For this reason, 
the inventors employ the recording sensitivity of the information recording medium as a relative judgment reference 
for learning the degree of the thermal conductivity of the dielectric layer. 

[0007] The recording layer 4 is formed using a material containing Ge-Sn-Sb-Te which crystallizes at a high speed. 
The information recording medium which contains such material as the recording layer 4, not only has excellent initial 
recording characteristic, but also has excellent archival characteristic and an excellent archival overwrite characteristic. 
In a phase-change type information recording medium, information is recorded, erased and overwritten by utilizing 
reversible phase change between crystal phase and amorphous phase of the recording layer 4. When the recording 
layer 4 is irradiated with a high power (i.e. peak power) laser beam, and then cooled rapidly, the irradiated part turns 
into an amorphous phase and a record mark is formed. When the recording layer is irradiated with a low power (i e 
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bias power) laser beam to raise its temperature and then cooled gradually, the irradiated part turns into a crystal phase 
and recorded Information is erased. By irradiating the recording layer with the laser beam of which power is modulated 
between the peak power level and the bias power level, it is possible to overwrite new information while erasing infor- 
mation already recorded. Overwrite cycle-ability is expressed with the maximum number which corresponds to repeat - 
s able overwrite number on the condition that the jitter value does not cause a problem in a practical use. It can be said 
that the better overwrite cycle-ability is, the larger this number is. Particularly, an information recording medium for 
datafiles is expected to have excellent overwrite cycle-ability. 

[0008] The first interface layer 103 and the second interface layer 105 have the function of preventing a material 
transfer caused between the first dielectric layer 1 02 and the recording layer 4, and between the second dielectric layer 

10 1 06 and the recording layer 4, respectively. The material transfer here means the phenomenon that S of ZnS-20 mol 
% SiO s contained in the first and second dielectric layers diffuses into the recording layer while the recording layer is 
irradiated with a laser beam and information is repeatedly overwritten. If a lot of S diffuses into the recording layer, a 
reduction of the reflectance of the recording layer is caused, and overwrite cycle-ability deteriorates. This phenomenon 
has already been known (See N. Yamada et al. Japanese Journal of Applied Physics Vol.37 (1998) pp.2104- 2110). 

is Moreover, Japanese Patent Kokai (Laid-Open) Publication No. 10-275360 and International Publication No. WO 
97/34298 disclose that the interface layer which prevents this phenomenon is formed using a nitride containing Ge. 
[0009] The optical compensation layer 1 07 adjusts the ratio Ac/Aa where Ac is optical absorptance of the recording 
layer 4 in a crystalline state, and Aa is optical absorptance Aa of the recording layer 4 in an amorphous state, and 
serves to suppress distortion of overwritten marks. The reflective layer 8 optically serves to increase the light quantity 

20 absorbed by the recording layer 4, and thermally serves to diffuse the heat generated in the recording layer 4 to cool 
the recording layer quickly and to facilitate amorphization of the recording layer. The reflective layer 8 also serves to 
protect a multilayered film from the operation environment. 

[0010] Thus, the information recording medium shown in Figure 1 0 ensures excellent overwrite cycle-ability and high 
reliability with a large capacity of 4.7GB by using the structure including the seven layers each of which functions as 

25 mentioned above, and thereby has been commercialized. 

[0011] As material suitable for the dielectric layer of the information recording medium, various materials have already 
been proposed. For example, in Japanese Patent Kokai (Laid-Open) Publication No. 5-109115, it is disclosed that a 
heat- resistance protective layer is formed from a mixture of a high melting point element with a melting point above 
1600K and low alkali glass in an optical information recording medium. In this publication, Nb, Mo, Ta, Ti, Cr, Zr, and 

30 Si are mentioned as the element with a high melting point. Further, in this publication, it is disclosed that the low alkali 
glass essentially consists of Si0 2 , BaO, B20 3> or Al 2 0 3 . 

[0012] In Japanese Patent Kokai (Laid-Open) Publication No. 5-159373, it is disclosed that the heat-resistance pro- 
tective layer is formed from a mixture of at least one compound selected from nitride, carbide, oxide and sulfide with 
a melting point higher than that of Si, and low alkali glass in an optical information recording medium. In this publication,- 

35 the carbide, oxide, and sulfide of Nb, Zr, Mo, Ta, Ti, Cr, Si, Zn, and Al. are illustrated as the high melting point compound. 
Moreover, in the publication . it is disclosed that the low alkali glass essentially consists of Si0 2 , BaO, B 2 O a , and Al 2 0 3 . 
[0013] In Japanese Patent Kokai (Laid-Open) Publication No. 8-77604, it is disclosed that a dielectric layer of a read- 
only information recording medium is formed from the one or more oxides which each are an oxide of at least one 
element selected from the group which consists of Ce, La, Si, In, Al, Ge, Pb, Sn, Bi, Te, Ta, Sc s Y, Ti, Zr, V, Nb, Cr, and 

40 w\ the sulfide of at least one element selected from the group which consists of Cd, Zn, Ga, In, Sb, Ge, Sn, Pb, and 
Bi. or selenide and so on. 

[001 4] In Japanese Patent Kokai (Laid-Open) Publication No. 2001-67722, it is disclosed that the first interface control 
layer and the second interface control layer of an optical recording medium are selected from the nitride, oxide, carbide, 
and sulfide which contain at least one element selected from the element group consisting of Al, Si, Ti, Co : Ni, Ga, Ge, 

45 Sb, Te, In, Au, Ag, Zr, Bi, Pt, Pd, Cd, P, Ca, Sr, Cr Y, Se, La, and Li. 

[0015] In Japanese Patent Kokai (Laid-Open) Publication No. 8-180458, it is disclosed that a dielectric layer con- 
taining a chalcogen compound (specifically at least one compound selected from ZnS, ZnSe and ZnTe), a fluoride of 
a rare earth element (specifically at least one compound selected from the group consisting of PmF 3 . SmF a , EuF 3 , 
GdF 3 . TbF 3 , DyF 3 . LaF 3 , CaF 3s PrF 3 and NdF 3 ) and a metal oxide (specifically at least one compound selected from 

so the group consisting of Si0 2 , Ta 2 0 5 , Zr0 2 and Y 2 0 3 ), is effective for a large number of repeated recording and erasing. 
[001 6] In Japanese Patent Kokai (Laid-Open) Publication No. 9-259468, it is disclosed that a dielectric layer contains 
at least one compound of sulfides andselenides of I la group elements (MgS, CaS, SrS, BaS, RaS, MgSe, CaSe, SrSe, 
BaSe, RaSe) and at least one heat-resistant compound (oxides of Al, Si, Ge, Y, Zr, Ba, Ta, Nb, V, W, Hf, Sc and 
lanthanoid, nitrides of Al, Si, Ge, Ta and B, fluorides of Mg, Ca, Nd, Tb, and La, and carbide of Si and B). When a write- 

55 once type recording includes the dielectric layer, the archival characteristic is stable. When a rewritable medium in- 
cludes the dielectric layer, a large number of repeated recording and erasing can be conducted. 
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SUMMARY OF THE INVENTION 



KSLf 8 T nti ° ned ab0 ^, e ' when fo,TTlin 9 tne first the second dielectric layers by using ZnS-20 mol % SiO, 
SSrn ,ne ? needed betWeGn th ° reCOrdi " 9 layer and the dielectnc ,a V er ** P^enting the diffuSi 

fave 1 r 8 L r^TT'?* 3 P° S8ibili,y of e '^nating at least one of the first interface layer and second interface 

"I ' ayerS - ThC interfaCe ' ayer is Very thin layer ° f 2 ™" '<> * nm and 
22^X rHT h . ^^r r ! aSon ' amembrane - dBru P ti °"^caused in theinterfacelayerdueto the repeated overwrite 

of he sTab m oftlt nT t0miC diff H USIOn - Theref ° re ' e "' mina,in9 th8 interfaCe layer is dasirabte *• «-SS« 
interfacltS is e^minld » h i^t l" 9 "^T HoWBWBr ' inVent0,S °on»dered »« in the case where the 
he fusion of S flm tt l, ? ^ t0 be ' r ° m material ° ther than ZnS " 20 ™' % Si0 2 •» that 

H h ! ° ' ayer mt0 the reCording layer due t0 overwriting may not be caused. Further the 
followings are desired as to the material for the dielectric layer runner, me 

roS TS I iSr'TT ° f matSrial 10 reC ° rding ,3yer Which is of chalcogenide material is good; 
Ere, * 9 ***** * l ° ° T ^ than that °' the above ^en-layer 

[0021] The material is transparent; 

ESS IT m8 ! eria ! 8 hi9h meltin9 P ° int 80 that il may not melt when recording; and 
[0023] The material is stable so that it may not decompose by heat 

2JSr i ,'Ll a r n h 0bieCt f 0f the P resent ,nvention t0 P rovi< Je an information recording medium which is provided with a 
mS^JSZ T 9 fT able adhesiveness <° a ^cording layer, in which medium a substance does no ZL 

Zwlh^ 

^« -ru 9 the lnterface la V er ' and excellent overwrite cycle-ability is ensured 

ale to the reS^ 6 "" 0 "^ P ? liCati0n8 do not refer, ° the P r °blem that a substance transfers from the dielectric 
ZZl n !2 2 ™ erefore ' " 8hould be "° ted '"at these publications do not teach the problem which this 

0026 Tr^LT 7"! h° TT^ ^ 8 SpeCifi ° -"position «* *e material for the dtohSTS? 

S^^JTISS? 6 h ' ayer bY USin9 Vari ° US COmP ° UndS and eVa,Uated the adhesiveness of the 
the below m!n£n h p ? 9 T' ^ ° VerWnte ^""M* of th * information recording medium, as explained in 
^rZ?S^T P t 8 - AS a ; eSUl :> * was found that ' wh *" Providing a dielectric layer on both sides of the 

n the^Ze whf 1^ h ? , an 1 mterfac f la V er - the adhesiveness of the die.ectric layer to the recording layer is good 
in the case where the d.electnc layer is formed from a material which is easy to diffuse in the recording laver for 

% t Si ° 2 ' a ' thOU9h ' ° VerWrite CyCle - abi '^ " the ^^IXJreoZ 
Z Z y 2 mlal conductlv,t y and a high melting point. Therefore, if ZrO, is used for a dielectric laver 

ensured V T* inf0m * tion rec ° rdin 9 oan be high and excellent overwrite cyc.e aS can be 

STrSh * Whe " f0mmg 8 dieleCtriC ' ayer USing Zr °* ,he result was tha t the adhesiveness of the dielectric 

ormed n comatSr' " l ° *• in,0rmati ° n re °° rdin9 medium « hicb the die ecmcTjyer" 

IdhTcf contac k w,tbthe rec ° rd 'ng l^er using other various oxides, nitrides, sulfides, selenides and fluorides the 

fornZ th!! 8 - ? ^ I 161601 " 0 '^^ l ° reC ° rding ' ayer and ° Verwrite oyde-ability were evaluated However when 
ormmg the dielectric layer using one kind of oxide, nitride, sulfide, selenide or fluoride, favorable adhesTveness anS 
favorable overwrite cycle-ability could not be obtained together aanesiveness and 

2 J s i r«™ e *T ined I 0 ™!" 9 ? dielectric,ayerwithacombi "ation of two ormore kinds of compounds not 
containing S. As a result, It was found, that a combination of a specific oxide(s) and a fluoride(s) is suitable as a 

[0028 Thau T f ° r i he f eleCtr ! C W , hiCh C ° ntaCtS With the reCOrdi "9 'ayer, which led to thl invention 

k P u ' nVe Pr ° VldeS a " information recordin 9 medium which includes a substrate and a 
recording layer wherein a phasechange between acrystal phase and an amorphous phase is generated by irad^fon 
o ght or apphcat.cn of an electric energy, and which further includes an oxide-Lride^ased Ixe^ZercZt^Z 
at least one element selected from the group GM consisting of Ti, 2r, Hf, Nb, Ta, Or and Si oSgen atom 7! oT at 
leastone element selected from the group GL conning o, La, Ce, Pr, Nd, Gd, Dy, Ho, Er andTb anTuorine atom 

S The '"fo^ation recording medium of the present Invention is a medium on or from which information is re- 
corded or reproduced by .rradiation of light or by app, ication of an e.ectric enerny. Generaily, irradiation of S 

volnT ° h 3 'f ^ N9ht <that fSl ' aSer bSam) ' and appHcation of an electri0 a nargy is carried out T a ZZ fa 
voltage to a recording layer. Hereafter, the oxygen-f luoride-based material layer which constitutes the information ?e 
cording medium of this invention is described in detail. information re- 

[0030] Specifically, the oxygen-fluoride-based material layer which constitutes the information recording medium of 
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the present Invention contains an oxide-fluoride-based material expressed with the formula (1): 

M h O,LjF k (atomic %) (1) 

5 

wherein M represents at least one element selected from the group GM consisting of Ti, Zr f Hf, Nb, Ta, Cr and Si, L 
represents at least one element selected from the group GL consisting of La. Ce, Pr, Nd, Gd : Dy, Ho. Er and Yb p and 
H, I, J and K satisfy 1 0 < H < 45, 24 < I < 76, 0 < J < 1 9, and 0 < K < 48. The "atomic %" here shows that the formula 
(1) is a compositional formula of which basis (i.e. 100 %) is the sum of the numbers of "M", oxygen, "L" and fluoride 
10 atoms. Also in the following formulae, the indication of "atomic %" is used for showing the same meaning. Further, the 
formula (1) Is a result of counting the numbers of only "M", oxygen, "L" and fluoride atoms contained in the oxide- 
fluoride-based material layer. Therefore, the oxide-fluoride-based material which contains the material expressed with 
the formula (1) may contain components other than these atoms. 

[0031 ] In the formula (1 ), It does not matter what compound each atom forms. The reason why the material is specified 

15 by this formula is that it is difficult to determine the composition represented with ratio of each compound when analyzing 
the composition of a layer formed into a thin film, and actually only an elementary composition (that is, ratio of each 
atom) is often determined. In the material expressed with the formula (1), it is considered that most of element "M" 
exists as oxide with oxygen atom, and most of element "L" exists as fluoride with fluorine atom. Therefore, in this 
specification, even the layer which contains the material expressed with the formula (1) is referred to as an oxide- 

20 fluoride-based material layer" for convenience. 

[0032] When the information recording medium of the present invention is an optical recording medium, the oxide- 
fluoride-based material layer which contains element(s) selected from the group GM, oxygen atom, element(s) selected 
from the group GL and fluorine atom (which is referred to simply, as an "oxide-fluoride-based material layer") preferably 
exists as either dielectric layer of the two dielectric layers adjacent to the recording layer. More preferably, it exists as 

25 both of the two dielectric layers. AM the oxides of the elements which are the members of the group GM, that is, TI, Zr, 
Hf, Nb, Ta, Cr and Si have a high melting point and are excellent in thermal stability. A layer containing a material which 
is excellent in thermal stability does not deteriorate easily and are excellent in durability, when the information recording 
medium which includes the layer is subjected to repeated overwrite. All the fluorides of the elements which are the 
members of the group GL, that is, La, Ce, Pr, Nd 5 Gd, Dy, Ho, Er and Yb are insoluble in water and are excellent in 

30 moisture resistance. Further, these fluorides adhere well to the recording layer of the chalcogenide material . Therefore, 
in the information recording medium wherein the dielectric layer is formed from the oxide-fluoride-based material which 
is a'mixture of this oxide and this fluoride, the following effects are obtained: 

v 1) The interface layer is not necessary since the dielectric layer which is free of S can be formed in good contact 
35 with the recording layer; 

2) The durability against the repeated overwrite and the moisture resistance which are equal to or higher than 
those of the conventional information recording medium shown in Figure 10, can be obtained; and 

3) The recording sensitivity is improved because the structure of the layer is complicated by mixing the oxide and 
the fluoride resulting in the low thermal conductivity of the layer whereby the recording layer can be cooled more 

40 quickly. 

[0033] In the information recording medium of the present invention, the oxide-fluoride-based material layer may 
contain a material which contains, as the elements selected from the group GM. at least one element selected from 
the group GM1 consisting of TI, Zr, Hf and Ta, and Cr, and, as the element(s) selected from the group GL, at least one 
45 element selected from the group GL1 consisting of La, Ce, Pr and Nd, and is expressed with the following formula (2): 

M 1 P Cr Q 0,L 1 jF K (atomic %) (2) 

50 wherein M 1 represents at least one element selected from the group GM1 , L 1 represents at least one element selected 
from the group GL1 , and P, Q, I, J and K satisfy 0 < P < 38, 0 < Q < 45, 24 < I < 76, 0 < J < 19, and 0 < K < 48. 
[0034] Of the elements consisting the group GM, each of Ti, Zr, Hf and Ta forms an oxide which has a higher melting 
point and shows more excellent thermal stability. Therefore, in this specification, the group consisting of these elements 
is referred to as "GM1" so that they are distinguished from the other elements. Cr is suitable for constituting the oxide- 

55 fluoride-based material layer as the element selected from the group GM since the oxide thereof is excellent in adhe- 
siveness to the recording layer of chalcogenide material. Of fluorides of rare earth substances, each of the fluorides 
of La, Ce, Pr and Nd is low-cost as well as insoluble in water and excellent in moisture resistance. Therefore, in this 
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COnSiS,i " 9 " "~ 6 — " * as -OU » so that they are dfc.inguished from the 

layer. More preferably, i, exists as both of the two d e lee " c all Th ,° tay8rB adjacenl ,0 the reco ^ing 

the dielectric layer containing the material exp^s* S^e E J ^1™*°" mSdiUm Which includ - 

and has better adhesiveness of the dielectric (aver^T , T ? ( 5 H ° WS m ° re excellent overwrite cycle-ability 
can be produced at low cost since ttl^SS^.'^^^ the -ord^g medium 

[0036] In the information recordina medium of hi », . V a " be formed at low cost - 

contain a materia, which contain as ZtS^JSET* *" Serial layer may 

(s, selected from the group GM 1 ,' and is Si 5?" " addit '° n * * ** ^ 

M^CrsSiVOuLVFvv (atomic %) 

(3) 

recording is prevented. r mem ° r ane- dl srupt,on which may occur due to the repeated 

oxide-fluoride-based material layer can be ZttU la f. -"J" 1 flu °nde(s) with fluorine. Therefore, the above 
oxide o, at leas, one element s^Z^Z^TgTc!^ 'T™ ° M °' ™ r * Ms which 6a <* are ln 

Sy!^^ 

Here, the term -group of oxides" Is generica Z^Z^tc a.uL ™h ? ?! " " am ° Unt °' 90 mo1 % or ™ re in total, 
are selected from the group GM, and thereCe Cor ^^J?*?™*^^ 0 '™*^*^** 
element is selected from the group GM. and thereTore on^ Id «J „ h 68 C ° ntained ,n the layer ' lf ° n| V ™ 
oxides" is referred to the oxide. The same is wTlZZ l d °' ° X , lde 18 COntained in ,ne the term "group of 
fluoride-based material layer can iZtoS? ° term /9 rou P ° f «^ides." In other words, the oxWe- 
from the group GM and the nuj^££^*£?^? ^ the ° Xides of the -lected 

Tan'Im^ 

mo. %, for example, the overwrite cycle-abi^ tendsTb" inferior ST* T* ^ *' 9r ° UP GM iS ' 6SS than 5 ° 
no™ die,eCMC ' ayer in COnta «* wi,h the Wording .ayler 0386 * hWe oxide -«"cride-based material 

one element selected from the group GM1 consisZof tT Zr H, aLT^ WWch eaCh are an oxide ° f at lea * 

the e.ement(s) selected from the group GL one o mo« TnuohhI Jk 3 " ° X ' de °' Cf ' and aS ,he fluoride <*) of 
selected from the group GL1 consisting oOa Ce P and Nd ZVnT "f ^ " ° f at ,east one 6le ^nt 

wrth the material expressed with the above formula 5 ' 9 ' Ven by ,hfe ,ayer fe as described connection 

£ ^™ O-l and the oxide o, Or is 

when the total amount of these oxides and the gr^n^S^S? " * 5 ° '° 90 m °' % in ,otal 

(100 mol %). If , he rati0 of these ox| 9 0 the elernents se '*cted from the group GL1 is basis 

inferior in the case where the oxide-Sda-bSed Z^Xcn^7f' J* .""^ Cyde - ability tends to •» 
layer. Still more preferabry, the group of oxides o f Che e emit?! ! f ^ ' ayer ,n COn,act witn the ^cording 
contained in an amount of 1 0 mo. -/or n^S^l^bS: 9r ° Uf> ^ 1 ^ *' M ° f Cr are 
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[0042] Further, this layer may contain the oxide of Si in addition to the oxide of at least one element selected from 
the group GM1 and the oxide of Cr. The effect give by the oxide of Si is as described in connection with the material 
expressed with the formula (3). 

[0043] The layer which contains the oxide of at least one element selected from the group GM1 and the oxide of Cr 
and the oxide of Si preferably contains at least one oxide selected from Zr0 2: Hf0 2 and TagOg, and Si0 2 and Cr 2 0 3 , 
and LaF 3 as the fluoride of the element selected from the group GL. Specifically, such an oxide-fluoride-based material 
layer contains a material expressed with the formula (4): 

(D) x (SIO 2 ) Y (Cr 2 O 3 ) z (LaF 3 ) 100 . x . Y . z (mol %) (4) 



wherein D represents at least one oxide selected from Zr0 2> Hf0 2 and Ta 2 O s , and X, Y and Z satisfy 20 < X < 70, 10 
< Y < 50, 1 0 < Z < 60, and 50 £ X+Y+Z < 90. Zr0 2i Hf0 2 and Ta 2 O s have a high melting point and are thermally stable. 
LaF 3 is most suitable for the practical use because it has the highest melting point of 1500 °C of the fluorides which 

15 are insoluble in water, and is low-cost. The preferable ratio of each compound is defined by X, Y and Z as shown in 
the above. By using this oxide-fluoride-based material layer as the dielectric layer which is in contact with the recording 
layer, it Is possible to eliminate the interface layer. Further, the information recording medium containing this layer as 
the dielectric layer realizes a good signal quality and is excellent in overwrite cycle-ability, moisture resistance, recording 
sensitivity, archival characteristic and archival overwrite characteristic. 

20 [0044] In the oxide-fluoride-based material layer containing Zr0 2 , Si0 2 , Cr 2 O a and LaF 3 , when the contents, of ZrQ 2 
and Si0 2 are substantially equal, it is preferable that ZrSi0 4 is contained. ZrSi0 4 is a complex oxide with a stable 
stoichiometric composition. ZrSi0 4 has high stable structural stability and low thermal conductivity. Therefore, when 
oxide-fluoride-based material layer containing ZrSi0 4 is provided as the dielectric layer in contact with the recording 
layer, the information recording medium which is excellent in overwrite cycle-ability and has high recording sensitivity 

25 can be realized. 

[0045] Preferably, the oxide-fluoride-based material layer which contains ZrSi0 4 , Cr 2 O a and LaF 3 is a layer which 
contains a material expressed with the formula (5): 



(ZrSiO 4 ) A (Cr 2 O 3 ) B (LaF 3 ) 100 _ A . B (mol %) (5) 



wherein A and B satisfy 20 < A < 70, 1 0 < B < 50, 50 < A+B < 90. The ratio of each compound is defined by A and B. 
By using this oxide-fluoride-based material layer as the dielectric layer which is in contact with the recording layer, it 
is possible to eliminate the interface layer. Further, the information recording medium containing this layer as the die- 
35 lectric layer realizes a good signal quality and is excellent in overwrite cycle- ability, moisture resistance, recording 
sensitivity, archival characteristic and archival overwrite characteristic. 

[0046] The composition analysis of the oxide-fluoride-based material layer which exists in the information recording 
medium of the present invention can be conducted using a X-ray-microanalyser. In that case, the composition is ob- 
tained as an atomic concentration of each element. 
40 [0047] For example, when the membrane which is formed on a carbon substrate by sputtering with a sputtering target 
which is represented by the below-mentioned formula (40), i.e. (ZrO 2 ) x (SiO 2 ) y (Cr 2 O 3 ) 2 (LaF 3 ) 100 . x . y . z (mol %) is ana- 
lyzed, the atomic concentration of Zr, Si, Cr, La, O and F can be determined. As a result, the actual analyzed values 
may not be consistent with the stoichiometric composition of Zr0 2: Si0 2 . Cr 2 0 3 , and LaF 3: and therefore, not be ex- 
pressed with the formula (4), i.e. (ZrO 2 ) x (SiO 2 )Y(Cr 2 O 3 ) z (LaF 3 ) 100 _ x _ Y _z ( mo ' Even in tnat case . the object of the 
present invention is achieved as long as the oxide-fluoride-based material layer contains at least one element selected 
from the group GM, oxygen atom, at least one element selected from the group GL, and fluorine atom : and preferably 
contains the material which is expressed with the formula (1) : (2) or (3). 

[0048] Any of the above-mentioned oxide-fluoride-based material layers preferably exist as the dielectric layer which 
is formed in contact with the recording layer in the information recording medium of the present invention. In that case, 
50 the dielectric layers may be formed in contact with both surfaces of the recording layer. Alternatively, any of the above- 
mentioned oxide-fluoride-based material layers exist as an interface layer which is located between the recording layer 
and the dielectric layer in an information recording medium of the present invention. In other words, any of the above- 
mentioned oxide-fluoride-based material layers are preferably formed in contact with the recording layer in the infor- 
mation recording medium of the present invention. 

[0049] The information recording medium of the present invention preferably has a recording layer in which a phase 
change is generated reversibly. That is, the information recording medium of this invention is preferably provided as a 
rewritable information recording medium. 
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Te. Each of these is a rapid crystallization material Therefore wh. ^ Ge-Sn-Sb-BI-Te, Ag-ln-Sb-Te and Sb- 

it is possible to record information at a hioh densL ^ h ' T , '^""^ ^ iS fowned ,rom these 

Sre^tl^ 

The information record ng meXm X* constSte?^ "T- 'H ^ ^ ° n ° ne SUrfaCe 0f a sub ^ aie - 
light, .n this specification 9 the C ^^^^312^? '"'Tf " ^ ™ 00ntod by irradiati ° n ° f 
incident light, andthe-seconddielectriclave^m^n.^T, f ectrlc J^yer which ,s in the position closer to the 
light. That is, the incident -W^t^T^^ 

reaches the second dielectric layer The infoTmatior raord n« Z T <V Tecor ^ laver m this ^der, and then 
End^— 

layers are the above oxide-fluoride base^ SENSES T"* b ° ,h " *• 

be the same or different from each other ' the com P° sltions <* °°th dielectric layers may 

pensation layer and a reflective layer aVefon™? £Ti2££? 9 T'' 3 SeC ° nd dielec,ric an °P tical c °"> 

This constitution is employed when Sc^ 
the information recording medium o ths^^ 

wavelength laser beam of whic Twlve ^S^S^^T^* 'T"*"' by a Sho «- 

made as large as, for example 0 85 In ordertn ? ' nu ™er,cal aperture NA of an objective lens is 

numerica. aperture NA ^heT^kness of the % Lt t „ ^ ° rder t0 use such a «ength and 
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Smi^chT^ 

*^^^rM1, M ^i^^^^^^ Ver ' 3 diGleCtriC layer ' 3 rec °* in 9 la ^ a " 

on one surface of a subs trata wS Tie^tric lat^d ^il? 6 ' hT?' * hiCh,W0 ^"Slayers are formed 
recording medium of the single-Sde dua Ser structure info rZ 'T ' , therebetwee "' As «° «» information 
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as that of a sputtering target, can be formed. Therefore, according to this producing method, the oxide-fluoride-based 
material layer of a desired composition can be easily formed by selecting a sputtering target appropriately. 
[0061] Specifically, a sputtering target which contains a material expressed with the following formula (10): 

M h OjLjF k (atomic %) (10) 

wherein M represents at least one element selected from the group GM consisting of Ti, Zr, Hf, Nb, Ta, Cr and Si, L 
represents at least one element selected from the group GL consisting of La : Ce, Pr, Nd, Gd, Dy, Ho, Er and Yb, and 
h, i, j and k satisfy 10 £ h < 45, 24 £ i £ 76, 0 < j £ 19, and 0 < k < 48, may be used. The formula (10) is equivalent to 
an elementary composition formula of the material in which most of the elements selected from the group GM exist in 
the form of oxide, and most of the elements selected from the group GL exist in the form of fluoride. By using this 
target, the layer which contains the material expressed with the above-mentioned formula (1) can be formed. 
[0062] Alternatively, a sputtering target which contains a material expressed with the following formula (20): 

M 1 p Cr q O j L 1 jF k (atomic %) (20) 

wherein M 1 represents at least one element selected from the group GM1 consisting of Ti, Zr, Hf and Ta, L 1 represents 
at least one element selected from the group GL1 consisting of La, Ce, Pr and Nd, and p, q, i, j and k satisfy 0 < p ^ 
38, 0 < q < 45, 24 < i < 76, 0 < j < 19, and 0 < k < 48, may be used. By using this sputtering target, the layer which 
contains the material expressed with the above-mentioned formula (2) can be formed. 

[0063] Alternatively, a sputtering target which contains a material expressed with the following formula (30): 

' M 1 r Cr s Si t O u L 1 v F w (atomic %) (30) 

wherein'M 1 represents at least one element selected from the group GM1 consisting of Ti, Zr, Hf andTa, L 1 represents 
at least one element selected from the group GL1 consisting of La, Ce, Pr and Nd, and r, s, t, u, v and w satisfy 0 < r 
<, 28, 0 < s £ 33, 0 < t £ 19, 25 ^ u ^ 70, 0 < v < 18, and 0 < w <, 45. By using this sputtering target, the layer which 
contains the material expressed with the above-mentioned formula (3) can be formed. 

[0064] * Alternatively, a sputtering target which contains one or more oxides which each are an oxide of at least one 
element selected from the group GM consisting of Ti, Zr, Hf, Nb, Ta, Cr and Si, and one or more fluorides which each 
are a fluoride of at least one element selected from the group GL consisting of La, Ce, Pr, Nd, Gd, Dy, Ho, Er and Yb 
may be used. The reason why the sputtering target is thus specified is that the sputtering target containing the element 
(s) selected from the group GM, oxygen, the element(s) selected from the group GL and fluorine is usually provided 
with the indication of the composition of the oxide(s) of the element(s) selected from the group GM and the fluoride(s) 
of the element(s) selected from the group GL. Further the inventors have confirmed that, according to analysis with 
an X-ray microanalyses the elementary composition of a sputtering target with such an indication of composition be- 
comes substantially equal to the elementary composition calculated from the indicated composition (that is, the indi- 
cated composition (i.e. nominal composition) is correct). Therefore, the sputtering target which is provided as a mixture 
of oxide(s) and fluoride(s) is preferably used in the producing method of the present invention. 

[0065] The sputtering target which is provided as the mixture of oxide(s) and fluoride(s) preferably contains the group 
of oxides of the elements selected from the group GM and the group of fluorides of the elements selected from the 
group GL in an amount of 90 mol % or more in total. In other words, the sputtering target contains the third component 
in an amount of 10 mol % or less. When the ratio of the third component in the sputtering target exceeds 10 mol %, 
also the ratio of the third component exceeds 1 0 mol % in the oxide-fluoride-based material layer obtained by sputtering 
this target, whereby it may be difficult to obtain the information recording medium which gives the desired effects. 
[0066] In the sputtering target which is provided as the mixture of oxide(s) and fluoride(s), the oxide(s) of the element 
(s) selected from the group . GM is preferably contained in an amount of 50 mol % or more, and more preferably 50 
mol % to 90 mol % when the total amount of the group of oxides of the elements selected from the group GM and the 
group of fluorides of the elements selected from the group GL is basis (100 mol %). If the ratio of the group of oxides 
of the elements selected from the group GM is less than 50 mol % in the sputtering target, the ratio of the group of 
oxides in the layer obtained by using such a sputtering target is also less than 50 mol % s whereby it is difficult to obtain 
the information recording medium which gives the desired effects. 

[0067] The sputtering target which is provided as the mixture of oxide(s) and fluoride(s) preferably contains, as the 
oxides of the elements selected from the group GM. an oxide of Cr and one or more oxides which each are an oxide 
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oxides which each a fan oJiifo^t' , , i ^ US ' ng 1,115 sputterin 9 ,ar 9 et - a la V er contains one or more 
Se o! L e r'r « " COn f aln L n h 9 SPl,tteHn9 tar96t: the 9r ° Up ° f 0Xides of the elements se '^ted from the group GM1 and 

rnn»o, to ° bta,n the information recording medium which gives the desired effect 

a°ouo 1 G M MO f ,| e , SP ? fiCally ' II 16 Prefefable SpUtter ' ng ter 9et contains, as the oxides of the elements selected from the 



(D)x(SiO 2 ) y (Cr 2 O 3 ) 2 (LaF3) 100 . )[ . y . z (mol %) (40) 

T^ioSZZ^ST™ ° X j d o e n S « leCted fr ° m Zf ° 2 ' Hf ° 2 and T ^°- and *■ V and 2 20 * « * 70 10 S 

i» Til-. ? * ,PU "*""» '"3" w "* h «»«" •» "«»«« .«pr.«.a win, Ih. (omul, (40) may bo one In which ZnD 

(ZrSiO 4 ) a (Cr 2 O 3 ) b (LaF3) 10( , a . b (mol %) (50) 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 4 is a fragmentary sectional view which schematically shows further another example of the optical infor- 
mation recording medium of the Invention; 

Figure 5 is a fragmentary sectional view which schematically shows further another example of the optical infor- 
mation recording medium of the invention; 
5 Figure 6 is a fragmentary sectional view which schematically shows further another example of the optical infor- 

mation recording medium of the invention; 

Figure 7 is a triangular diagram which shows the composition range of the material expressed with the formula (5); 
Figure 8 is a schematic view which shows an example of the information recording medium of the invention on 
which information is recorded by application of an electric energy; 
10 Figure 9 is a schematic view which shows an example of a system for the information recording medium shown 

in Figure 8; and 

Figure 10 is a fragmentary sectional view which schematically shows an example of the prior art information re- 
cording medium. 

is DETAILED DESCRIPTION OF THE INVENTION 

[0074] Hereafter, the embodiments of the present invention are described with reference to the accompanying draw- 
ings. The following embodiments are illustrative, and the present invention is not limited to the following embodiments. 

20 (Embodiment 1) 

[0075] As Embodiment 1 of this invention, an example of the optical information recording medium on or from which 
information is recorded or reproduced by a laser beam, is described. Figure 1 shows the partial cross section of the 
optical information recording medium. 

25 [0076] The information recording medium 25 shown in Figure 1 has a construction in which a first dielectric layer 2, 
a recording layer 4, a second dielectric layer 6, an optical compensation layer 7, and a reflective layer 8 are formed 
on one surface of a substrate 1 in this order (i.e. the layer 8 is formed on the layer 7, which is formed on the layer 6, 
which is formed on the layer 4. which is formed on the layer 2), and a dummy substrate 10 is bonded to the reflective 
layer 8 with an adhesive layer 9. The information recording medium of this constitution can be used as a 4.7GB 

30 DVD-RAM on or from which information is recorded or reproduced by a laser beam with a wavelength of about 660 
nm in a red wavelength region. A laser beam 12 is applied to the information recording medium of this constitution 
from the substrate 1 side, and thereby, information is recorded and reproduced. The information recording medium 25 
is different from the prior art information recording medium 31 shown in Figure 10 in that it does not have the first 
interface layer 103 and the second interface layer 105. 

35 [0077] In Embodiment 1 . both of the first dielectric layer 2 and the second dielectric layer 6 are oxide-fluoride-based ' 
material layers. As described in the above, the oxide-fluoride-based material layer is a layer which contains one ore 
more oxides which each are an oxide of at least one element selected from the group GM consisting of Ti, Zr, Hf, Nb, 
Ta, Cr and Si, and one or more fluorides which each are a fluoride of at least one element selected from the group GL 
consisting of La, Ce, Pr, Nd, Gd, Dy, Ho, Er and Yb. 

40 [0078] Generally, it is required that the material for a dielectric layer 1) is transparent; 2) has a high melting point 
and does not melt at the time of recording; and 3) has good adhesiveness to the recording layer which is of chalcogenide 
material. Transparency is a characteristic necessary for allowing the laser beam 12 applied from the substrate 1 side 
to pass through the dielectric layer and to reach the recording layer 4. Particularly, this characteristic is required for 
the first dielectric layer on the laser incident side. The high melting point is a characteristic necessary for ensuring that 

45 the material of the dielectric layer is not immixed in the recording layer when applying the laser beam of a peak power 
level. High melting point is required for both of the first and the second dielectric layers. If the material of the dielectric 
layer is immixed in the recording layer, overwrite cycle-ability deteriorates remarkably. Good adhesiveness to the re- 
cording layer which is of chalcogenide material is a characteristic necessary for ensuring reliability of the information 
recording medium. This characteristic is required for both of the first and the second dielectric layers. Further, it is 

50 necessary to select the material for the dielectric layer so that the information recording medium has recording sensitivity 
equivalent to or higher than the conventional information, recording medium (that is, a medium wherein an interface 
layer is located between the dielectric layer consisting of ZnS-20 mol % Si0 2 and the recording layer). 
[0079] Of the components contained in the above oxide-fluoride-based material layer, ail the oxides of the elements 
which are the members of the group GM are transparent and have a high melting point and excellent thermal stability. 

55 Therefore, these compounds ensure the overwrite cycle-ability of the information recording medium. All the fluorides 
of the elements which are the members of the group GL are insoluble in water and excellent in moisture resistance. 
Therefore, these compounds ensure the moisture resistance of the information recording medium. The oxides of the 
elements of the group GM include, for example, Ti0 2 , Zr0 2 , HfO z , Nb 2 0 5 , Ta 2 0 5 , Cr 2 O a and Si0 2 . The fluorides of 



11 



EP 1 351 229 A2 



the elements of the group GL. include, for example. LaF, CeF, PrF whf r, c ■_■ ^ 
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excellent in overwrite cycle-ability with favorao ^adhes^I,^ h . "* 0matK>n recordin 3 med '"™ 25 which is 
can be realized. Further the JZ^nyS^^^^^-^T 1 * reC ° rding ' ayer and me dielectric laver 
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The layer containing these compounds in an amount of 90 mol % or more always has substantially the same thermal 
stability and moisture resistance and is preferably used as the first dielectric layer 2 and the second dielectric layer 6 
even if it contains the third component other than these compounds. The third component is one which is inevitably 
contained or formed upon forming the oxide-fluoride-based material layer. As the third component, for example, a 
5 dielectric substance, metal, asemimetal, a semiconductor, and/or a nonmetal are contained in the oxide-fluoride-based 
material layer. 

[0086] The dielectric substances which may be included as the third component are, for example, Al 2 0 3 , Ce0 2 , CuO, 
Cu 2 0, Er 2 0 3 , FeO, Fe 2 0 3> Fe 3 0 4> Ga 2 O a , Ho 2 O a , ln 2 0 3 , a mixture of ln 2 0 3 and Sn0 2 , La 2 O a , Mn 3 0 4 , Nd 2 0 3 , NiO, 
ScjCXj, Snr^Og, SnO : Sn0 2 , Tb 4 0 7 , W0 3 , Y 2 0 3s Yb 2 0 3 , ZnO, AIN, BN, CnN, Cr 2 N, HfN, NbN, Si 3 N 4 , TaN, TilM, VN, 
10 ZrN, B 4 C, Cr 3 C 2 , HfC, Mo 2 C, NbC, SiC, TaC, TIC, VC, W 2 C, WC and ZrC. 

[0087] The metals which may be included as the third component are, for example, Sc, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, 
Mo, W, Mn, Fe, Ni, Pd, Pt, Cu, Ag, Au, Zn, La, Ce, Nd, Sm, Gd, Tb, Dy and Yb. 

[0088] The semimetals and semiconductors which may be included as the third component are. for example, B, Al, 
C, Si, Ge and Sn. The nonmetals which may be included as the third component are, for example, Sb, Bi, Te and Se. 

is [0089] The first dielectric layer 2 and the second dielectric layer 6 may be the oxide-fluoride-based material layers 
whose compositions are different from each other. For example, in case where the material expressed with the formula 
(4), i.e. (D) x (SiO 2 ) Y (Cr 2 O 3 ) 2 (LaF 3 ) 100 . x . Y .z (mol%) is employed, the first dielectric layer 2 is preferably formed from a 
material whose composition Is selected so that it is excellent in moisture resistance, such as (ZrO 2 ) 20 (SiO 2 ) 10 (Cr 2 O 3 ) 50 
(LaF 3 ) 20 (mol%). The second dielectric layer 6 is preferably formed from a material whose composition is selected so 

20 that it cools the recording layer more rapidly, such as (ZrO 2 ) 30 (SiO 2 ) 10 (Cr 2 O 3 ) 2O (LaF 3 ) 40 (mol%). The first dielectric 
layer 2 may be formed from a material containing the oxide of the element selected from the group GM and/or the 
fluoride of the element selected from the group GL which are different from those contained in the material which forms 
the second dielectric layer 6. For example, the first dielectric layer 2 may be formed from Ta 2 0 5 -Cr 2 0 3 -CeF 3 -mixture- 
based material . while the second dielectric layer 6 may be formed from Hf0 2 -Si0 2 -Cr 2 0 3 -LaF 3 -mixtu re-based material. 

25 |n this manner, the oxide-fluoride-based material layer is formed by optimizing the kinds of oxide(s) and fluoride(s), 
and/or the mixing ratio of those compounds depending on the desired functions. 

[0090] By changing each optical path length (that is, the product "nd" of refractive index n of a dielectric layer and 
the film. thickness d of a dielectric layer), the first dielectric layer 2 and the second dielectric layer 6 serve to adjust 
optical absorptance Ac (%) of the recording layer 4 in a crystalline state and optical absorptance Aa (%) of the recording 

30 layer 4 in an amorphous state, adjust the optical reflectance Rc (%) of the information recording medium 25 when the 
recording layer 4 is in a crystalline state and the optical reflectance Ra (%) of the information recording medium 25 
when the recording layer 4 is in an amorphous state, and adjust the phase difference A<t> of the light of the information 
recording medium 25 between the portions where the recording layer 4 is in a crystalline state and an amorphous state. 
In order to improve signal quality by increasing the reproduced-signal amplitude of a record mark, it is desirable that 

35 a reflectance difference (IRc-Ral) or a reflectance ratio (Rc/Ra) is large. Further, it is desirable that Ac and Aa are also 
large so that the recording layer 4 may absorb a laser beam. The optical path length of each of the first dielectric layer 
2 and the second dielectric layer 6 is determined so as to satisfy these conditions simultaneously. The optical path 
length which satisfies those conditions can be determined accurately, for example, by calculation based on a matrix, 
method (for example, see "Wave Optics" by Hiroshi Kubota et al., Section 3, Iwanami Shinsho, 1971). 

40 [0091] The oxide-fluoride-based material described above has the refractive index which differs depending on the 
composition. When setting the refractive index of a dielectric layer at n, the film thickness at d (nm), and the wavelength 
of the laser beam 12 at A<nm), the optical path length "nd" is expressed with nd=aX, wherein "a" is a positive number. 
In order to improve the signal quality by increasing the reproduced-signal amplitude of the record mark of the information 
recording medium 25, for example, it is preferable that Rc and Ra satisfy 15 % < Rc, and Ra < 2 %, respectively. 

45 Moreover, in order to eliminate the mark distortion by overwriting, or to make it small, it is preferable that Ac and Aa 
satisfy 1 .1 < Ac/Aa. The optical path length (aX) of each of the first dielectric layer 2 and the second dielectric layer 6 
was accurately calculated based on the matrix method so that these preferable conditions might be satisfied simulta- 
neously. From the obtained optical path length (aX), X and n, the thickness d of each dielectric layer was calculated. 
As a result, it was found that when the dielectric layer 2 is formed from the material which is expressed with the formula 

50 (5), i.e. (ZrSiO 4 ) A (Cr 2 O 3 ) B (LaF 3 ) 100 _ A _ B (mol %) and has a refractive index of 1 .8 to 2.3, the thickness is preferably in 
the range of 1 30 nm to 1 70 nm. Further, it was found that when the second dielectric layer 6 is formed from this material, 
the thickness is preferably in the range of 40 nm to 70 nm. 

[0092] The substrate 1 is usually a transparent disc-shaped plate. A guide groove for guiding a laser beam may be 
formed in the surface where the dielectric layer, the recording layer and so on may be formed. In the case where the 
55 guide groove is formed on the substrate, groove portions and land portions are formed, when the substrate is viewed 
in cross section. It can be said that a groove portion is located between two adjacent land portions. Therefore, the 
surface wherein the guide groove is formed has a top surface and a bottom surface which are connected by side walls. 
In this specification, when viewed from the direction of the laser beam 12, the surface which is located closer to the 
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to the groove surface, whereas the top surf^e ScS^ZSTE' ? IT* 1 ' b0tt ° m SUrfaCe 23 c °™*P°nds 
and 6 mentioned below. On the conZ^^^STZ ? ,a " d SU K rface - This is a PP |icab 'e to Figures 2, 3 
to the "land surface", whereas the sJace T^Ih X!^ D 7lT M * ^ ^ co ^Ponds 
because, in the information recording medium Sated £ T T °° rres P onds t0 tne "groove surface." This is 
and the recording .ayer is reverse to thaTf Z SSSL^T ^ 5 ' ^ 0rder ° f f ° rmin9 ref,ective la V- 
formed in the recording layer on the surface o theTecZin ? 9 " ,US,ra,ed ,n FlgUre 1 ■ Record are 

groove (groove recording) or on the sunSe 0 \ m ™*2 V t0 the 9™e surface of the guide 

groove (land recording), or on both of th >Z£eTot TSZSZT, C °™ SP T mg t0 the land surface °' the guide 
[0093J In the embodiment shown in h™,» i T ? . recordln 9 **** (land-groove recording). 

and the land surface 24 £ J^^^tSSJ TtoeT* fT" b *~ n "~ ^ 23 

embodiments shown in Figures 2 3 and 6 ; he dfe InZ Z ? T ° f 4 ° nm l ° 60 nrR The b ^°«-mentioned 
the land surface 24 is preferably in thi ranee Moraovf r » d ^ d,reC,i0 " betW6en the groove surtace 23 an <* 
flat. As materia, for the substrate 1a a D ^*on^ f Where 3 ' ayer is not f °*™ d ■» 

emp,oyed. Considering mo.dability prfcTa" SlJfflS^^ 0 °' ™ MA ' ° f 9 ' aSS Ca " be 

sn? r ^^ used - in the 

generated by irradiatio^ o'gh o" 552? J St^EETE 9 T Ph ~ ^ M am ° rph ° US phaSe is 
overwrite can be carried out If the phase rtlnal^t^T™ r ^ are f ° rmetl The erasure and 

is a rapid conization material, Ta reS.e pZe 2^"^ * T Ge " Sb - TS " Ge - Sn ' Sb -Te which 

composition is preferably used as Ge-Sb^Te £ cas tl ? ™ ria, ;. Speclf ' cal1 * GeTe-Sb 2 Te 3 pseudo-binary 
50Sb 2 Te 3 . In case of GeTe<4Sb Te th7JLL ,k ' com P osrt '°n preferably satisfy 4Sb 2 Te 3 <c GeTe < 
resultfngln deterioration of the q jS 'i a ^«T2iSS£? ' i9ht ^ «" ^ re <^ iSSma ^ 
a crystal phase and an amorphous pAase .s tem raTnn in dT ? *> * ^ ^ V ° IUme Variati0n between 
a crystallization speed higher than gTso^ 

part of Ge of GeTe-Sb 2 Te 3 pseudo-binary - common ^£££^1* Wh ' Ch S " iS SUbstituted for 

the recording layer 4. If it exceeds 20 atomic ™ X We COntent of Sn is 20 atomic % or less in 

amorphous phase is impaired, which resulte .n '.JSrteSS S t0 ° T ^ theref ° re ' ,he Stabi,i * ° f an 
adjusted depending on the recording conditions * °* reC ° rd markS ' The content of Sn ca " be 

ScrSss :r e^i: c r in f in 9 Bi such as Ge - B, - Te ' «- b - 

layercan be increased by substring BUorTa Jof Sb er6f ° re ' ^ Cr > sta,lizati °n *Peed o, the recording 

in case of 25Bi 2 Te 3 < GeTe, the vo. Um ^ vaSn b" Zn a 22 Zeand" ^T" ° f a,Cnl ' Val ch ™«c. 
in deterioration of overwrite cycle-ability. * P " d a " amor P ho ^ phase is large, resulting 

Te^pTd^^^ 

<° by Sn is suitable for fine adjustment of Z ^rlstaLS^ 5 S " ,ntroduced b V substitution. Substitution 
•he content of Sn is preferib^ 10 atomic ^T^SSS^^ * * l ,he ^ 

speed becomes too high, which reduces the stabMfc, of 1„ «™?Th h " 1 ° at ° miC % ' the conization 

of record marks is deteriorated * amorphous phase, and therefore, the archival characteristic 

controlled depending on the recording i?!^^ f ° th ' S m f ure < the «=rysta.lization speed can be 
Ge-Sn-Sb-Bi-Te, it is preferable that 4<Sb Bi) Te < fG« T n X « f ^ S " a " d a intr °duced by substitution. In 

.he variation in the am'ount of reflecJe^Hghf 2ltor^ fSSUSS^ T " < 4 < Sb " Bi ) 2 Te 3' 

of a read-out signal. In case of 25(Sb-Bi),Te, < (Go £nZ Z 1 7 ' rt>SMm9 " deteriora,to " «* the quality 

^° amorphous phase is large, resultlnc T . t Vanat '° n betW8en 3 Crystal P hase and a " 

is preferabiy 1 o atomic % or less a'nd ^^ ^^^S^^ • reC ° rdin9 ^ the COntent of Bi 
content make the archival characteristic of record roa r S good ^ ' % " ,eSS ' ThSSe B ' C ° n,ent and Si 

L ' ^ner^Sr^ - ^ C is P* Ge. orthe Hke) as disciosed 

irreversible phase change material is a so-caHed wn^ ZlT TT" 9 mediUm Whose recordin 9 la V er « <* an 
in such an information recordino n^^rZ^T^^™™ once. Also 

y a.um, mere are problems that the atom In the dielectric layer diffuses into the 
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recording layer with heat at the time of recording, which results in the deterioration of the signal quality. Therefore, this 
invention is preferably applied to the write-once type information recording medium as well as the rewritable information 
recording medium. 

[0101] As mentioned above, when the recording layer 4 is formed from the reversible phase change material (that 
5 is, the information recording medium is the rewritable one), the recording layer 4 preferably has a thickness of 15 nm 
or less, and more preferably 12 nm or less. 

[0102] The optical compensation layer 7 adjusts the ratio Ac/Aa of the optical absorptance Ac when the recording 
layer 4 is in a crystalline state, and the optical absorptance Aa when the recording layer 4 is in an amorphous state, 
and serves to suppress the distortion of the mark shape at the time of overwriting. It is preferable to form the optical 

10 compensation layer 7 from a material which has a high refractive index and absorbs a light moderately. For example, 
the optical compensation layer 7 may be formed using a material whose refractive index n is in the range of 3 to 6, 
and whose extinction coefficient k is in the range of 1 to 4. Specifically, it is preferable to use material selected from 
amorphous Ge alloys, such as Ge-Cr and Ge-Mo, amorphous Si alloys, such as Si-Cr, Si-Mo and Si-W, telluride, and 
crystalline metal, such as Ti, Zr, Nb, Ta, Cr, Mo, W, SnTe, PbTe and so on, semimetals, and semiconductor material. 

is The film thickness of the optical compensation layer 7 is preferably in the range of 20 nm to 60 nm. 

[0103] The reflective layer 8 has an optical function of increasing the quantity of light absorbed by the recording layer 
4, and a thermal function of diffusing the heat generated in the recording layer 4 quickly to quench the recording layer 
4, and thereby facilitate the amorphization of the recording layer 4. Further, the reflective layer 8 protects the multi lay- 
ered film including the recording layer 4 and the dielectric layers 2 and 6 from the operation environment. As the material 

20 for the reflective layer 8, for example, the single-metal material with high thermal conductivity, such as Al, Au, Ag and 
Cu, is used. The reflective layer 8 may be formed from the material which contains another one or more elements in 
addition to one or more elements selected from the above-mentioned metallic material for the purpose of improving 
the moisture resistance and/or the purpose of adjusting thermal conductivity or an optical characteristic (for example, 
an optical reflectance, an optical absorptance or transmissivity). Specifically, an alloy material, such as Al-Cr, Al-Ti, 

25 Ag-Pd, and Ag-Pd-Cu, Ag-Pd-Ti, or Au-Cr, may be used. Each of these materials is excellent in corrosion resistance 
and has a quenching function. The similar purpose may be accomplished also by formjng the reflective layer 8 In two 
or more layers. The thickness of the reflective layer 8 is preferably in the range of 50 to 180 nm, and more preferably 
from 60 nm to 1 00 nm. 

[0104] In the illustrated Information recording medium 25, the adhesive layer 9 Is provided in order to adhere the 
30 dummy substrate 10 to the reflective layer 8. The adhesive layer 9 may be formed using a highly heat-resistant and 
highly adhesive material, for example, a bonding resin such as an ultraviolet-curing resin. Specifically, the adhesive 
layer 9 may be formed from an acrylic resin-based material, or an epoxy resin-based material. Moreover, if necessary, 
before forming the adhesive layer 9, a protective layer which consists of an ultraviolet-curing resin and has a thickness 
of 5 to 20 u.m may be provided on the surface of the reflective layer 8. The thickness of the adhesive layer 9 is preferably 
35 in the range of 1 5 to 40 nm, and more preferably in the range of 20 to 35 urn. 

[0105] The dummy substrate 10 enhances the mechanical strength of the information recording medium 25 and 
protects the multilayered body consisting of the layers from the first dielectric layer 2 to the reflective layer 8. The 
preferable material for the dummy substrate 10 is the same as that for the substrate 1 . In the information recording 
medium 25 which includes the dummy substrate 10, it is preferable that the dummy substrate 10 and the substrate 1 
40 are formed from substantially the same material and have the same thickness so as not to cause mechanical curvature 
and distortion. 

[0106] The information recording medium of Embodiment 1 is a single-sided structure disc which has one recording 
layer. The information recording medium of this invention may have two recording layers. For example, an information 
recording medium of the double-sided structure is obtained by bonding two laminated pieces in which the layers up to 

45 the reflective layer 8 are stacked. The two pieces are bonded through an adhesive layer with the reflective layers 8 
facing each other. In this case, the bonding of two pieces are carried out by forming the adhesive layer from a slow- 
acting resin and applying heat and pressure. In the case where the protective layer is provided on the reflective layer 
8, an information recording medium of the double-sided structure is obtained by bonding two layered pieces in which 
the layers up to the protective layer are formed, with the protective layers facing each other. 

50 [0107] Next, the method for producing the information recording medium 25 of Embodiment 1 is described. The 
information recording medium 25 is produced by carrying out the process in which the substrate 1 (for example, having 
a thickness of 0.6 mm) where the guide groove (the groove surface 23 and the land surface 24) is formed is set in a 
film-forming device, and then the first dielectric layer 2 is formed on the surface of the substrate 1 where the guide 
groove is formed (Process a), the process in which the recording layer 4 is formed (Process b), the process in which 

55 the second dielectric layer 6 is formed (Process c), the process in which the optical compensation layer 7 is formed 
(Process d), and the process in which the reflective layer 8 is formed (Process e) in this order, and further carrying out 
the process in which the adhesive layer 9 is formed on the surface of the reflective layer 8, and the process in which 
the dummy substrate 10 is bonded. In this specification including the following description, unless otherwise indicated, 
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° f ^ ' ayer mea " S thS SUrfaCe ^ <° th. thickness direction) which is exposed when each layer 

!T»»2?j , 2Z' ta , rs2 ssrrraKir - r the surface ° f me s — 1 * *« - 

' atmosphere using a high frequency e ectn^ ooter'T V ■ puttenn * The s P utte ™9 * conducted in Ar gas 

; n wh« h oxygen is mix 9 ed ln i K^jTsn? may be conducted in a mb{ed - 9as atm ° sphere 

nTLtwh^ 

Ta, Cr and Si, and one or more fSeJ ^JSS^ZSSTJT^ W * ™ ° f 71 ■ *■ Hf ' ' 

' consisting of La, Ce, Pr, Nd, Gd, Dy Ho E anc I Ybfe u S „ ^ elemem S8lected from the 9™P GL 
expressed with the formula 1 0) (20) or'(K) as a ZSS'JT ? ^^I" 9 ^ C ° n,ainS the ma,erial whi <* « 
oxide-fluoride-based materia laye oontaininn t^^T , if t analysiS - ^ usin 9 the guttering target the 

[0110] As described above SZEKSSSli'S " 9XprB f S9d With the f °™ la 0 >■ (2) or (3) is formed 
atom, one or more elements ^JS^Yg^T^oZ' r "T^ ftDm ** ° roUp GM ' «W 

oxide(s) of theelement(s) of the group QMm55SS£?^ ' s f™"^ the form of a mixture of the 
used in the producing method of the present Tveminn ' f ( ^ element < s > ° f *» 9™P SL The sputtering target 
from the group GM in an amou rf ZS^ 

the basis which is the totai amount of tewp^£ J^£^ " ^ ° Unt °' 50 mo1 % t0 90 ™' % of 
of fluorides of the elements seiected from [he glo if*. rJTT* ' d ^ 9r ° UP GM and the *™*> 
from the group GM is small in the sputtering target the'a io of Z 1 ° f ° XideS °' the elemen,s se,ected 

group GM in the layer obtained byTputtering fe £ !maJMn°i 2! 9 S ° X ' deS ° f thG G ' emen,s selected fram *. 
in the information recording medium thHt C3Se ' * may be dlfficu,t t0 ° b ^ n the desired effects 

a sputtering target which contains a material JS52S^ rttf » mto ^ J » 1 * IM * 
(mo.%), wherein D represents at least one SSSTSn^?^ ^d Ta <° WS W^ 1 - 3 ^-^ 
70, 10 S y * 50, 10 £ 2 * 60, and 50 £ x + y +2 s 90 mav bV^f^ 2 2 ° 5, a " d X| V and * satisf V 20 s « 

material expressed with the formula (4) Is formed ^ USI " 9 th ' S target ' the ,a V er which c °"feins the 

^^^^^S!^^^t cont r 9 zrsio * c *°° and ^ « - — ■ 

(LaF 3 ) 10 , a . b (mo. %), wherein a and bS^. S ^<KT2S f *?T <50) ' L * (2rSi0 4>a<Cr 2 0 3 ) b 

thefluoride's) of the ^^S^.T tT^ *» *™> ™ - 

% or less. The components which n^^T^SSSSS.^ ' C ° mP ° nent am ° Unt ° f 1 0 ™' 
[0114] Next, Process b is carried out for fnrmil ?k . component are exemplified in the above. 

Process b is a,so carried ou "by apuSri^g Te sJ Bering 9 ?Th ° f the first die,ectric ^ 

atmosphere of Ar gas and N 2 ga , Zg I dT'ecSem oow!° 1" * ^ a,mos P her « «r in a mixed-gas 

material selected from Ge-Sb-Te, Ge-Sn-lb %TZ ST J Z% £ T?*™ 9 tar9et which cMs ^ "» 

sr^rr - The recordin9 iayer4 s -««on^- -o^^ Ge - sn - sb - B '- Ta - 

r^sSe^TouT^r^^ 

sputtering target for the first mJ^t 2 ZZZTLT^t^ flU ° n ' de dif,erSnt fr ° m ,hose in the 
dielectrc layer 6, in which the oxide and/or theS^dSJSlT^ T ^ ^ f0miing ,he Second 
for forming the first dielectric layer 2 For examole in ProTp« h contarned in the sputtering target used 

(Cr 2 O 3)s0 (LaF3) 20 (mo, %) may be used ^ET? ^ ^^^T" 8 ,arget COntainin 9 ^ 2 WSiO 2 ) 10 
(t-aF 3 ) 40 (mol %) may be used Alternatively in Process a meL.m ? 9 C ° mainin9 < Zr0 2>3o(Si0 2 ) 10 (Cr 2 0 3 ) 20 ° 
based material may be used, while in Process e ZS in t P 9 tar96t con,ainin 9 Ta 2 0 5 -Cr 2 0 3 -CeF 3 -mfxtu e- 
material may be used. SC,,heSpUtter,ng,ar 9 etC0ntainin gHfO 2 -SiO 2 -Cr 2 O 3 -LaF 3 -mlxture-ba S ed 

electric power unit. A sputtering targ^S^SS^.^LS? d,r f < ^- CUrrent P ower s «>^ce or a high frequency 
and Ge-Mo, amorphous Si alloys, such as S^Cr S Mo aZ SI W f * Cted f ™ or P"-s Ge alloys, such as Ge-Cr 
Ta, Cr, Mo, W, SnTe and PbTe.semimeta) semkfondurto^ SfT' a " d CfyStalline metal ' such « T- Nb, 

conducted in an Ar gas atmosphere. " a ' a " d 80 0n ' is used Generally, the sputtering is 

[0117] Next, Process e is conducted for forming the reflective layer 8 on the surface of the optica, compensation 
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layer 7. Process e is carried out by sputtering. The sputtering is conducted in an Ar gas atmosphere using a direct 
current power source or a high frequency electric power unit. A sputtering target which consists of an alioy material, 
such as Al-Cr, Al-Ti : Ag-Pd, Ag-Pd-Cu, Ag-Pd-Ti, or Au-Cr, may be used. 

[0118] As mentioned above, Processes a-e are all sputtering processes. Therefore, Processes a-e may be conducted 
5 successively by changing the target in order in one sputtering device. Alternatively, each of Processes a-e may be 
conducted using an independent sputtering device. 

[0119] After forming the reflective layer 8, the substrate 1 on which the layers from the first dielectric layer 2 to the 
reflective layer 8 are formed in order is picked out from the sputtering device. Then, an ultraviolet-curing resin is applied 
to the surface of the reflective layer 8, for example, by a spin coat method. The dummy substrate 10 is stuck to the 
10 applied ultraviolet-curing resin. An ultraviolet ray is applied from the dummy substrate 1 0 side to cure the resin, whereby 
the bonding process is finished. 

[0120] After finishing the bonding process, an initialization process is carried out if necessary. The initialization proc- 
ess is a process in which the temperature of the recording layer 4 which is in an amorphous state is raised to a tem- 
perature more than the crystallization temperature so as to crystallize the layer, for example, by irradiation of a semi- 
fs conductor laser. The initialization process may be carried out before the bonding process. In this manner, the information 
recording medium 25 of Embodiment 1 can be produced by implementing Processes a-e, the process of forming the 
adhesive layer, and the bonding process of the dummy substrate in order. 

(Embodiment 2) 

20 

[0121] As Embodiment 2 of the present invention, another example of the optical information recording medium on 
or from which information is recorded or reproduced by using a laser beam, is described. Figure 2 shows the partial 
cross section of the optical information recording medium. 

[0122] The information recording medium 26 shown in Figure 2 has a constitution in which a first dielectric layer 2, 
25 a recording layer 4, a second interface layer 105, a second dielectric layer 106, an optical compensation layer 7, and 
a reflective layer 8 are formed on one surface of a substrate 1 in this order, and furthermore a dummy substrate 10 is 
adhered to the reflective layer 8 with an adhesive layer 9. The information recording medium 26 shown in Figure 2 is 
different from the prior art information recording medium 31 shown in Figure 1 0 in that it does not have the first interface 
layer 103. Moreover, the information recording medium 26 is different from the information recording medium 25 of 
30 Embodiment 1 shown in Figure 1 in that the second dielectric layer 106 is formed on the recording layer 4 with the 
second interface layer 1 05 therebetween. In the information recording medium 26, the first dielectric layer 2 is an oxide- 
fluoride-based material layer like Embodiment 1. In addition, in Figure 2, the reference numerals which are identical 
to those used in Figure 1 denote identical components which are formed from the material and by the method described 
with reference to Figure 1 . Therefore, as to the components already described in connection with Figure 1 , the detailed 
35 description is omitted. It should be noted that although only one interface layer is provided in this embodiment, it is 
referred to as a "second interface layer" for convenience, since it is located between the second dielectric layer 106 
and the recording layer 4. 

[0123] The information recording medium 26 of this embodiment has a constitution in which the second dielectric 
layer 1 06 is formed from ZnS-20 mol % Si0 2 used for the prior art information recording medium. Therefore, the second 

40 interface layer 1 05 is provided in order to prevent the material transfer caused between the second dielectric layer 1 06 
and the recording layer 4 due to repeated recording. The second interface layer 105 is formed from nitride such as 
Si-N, Al-N, Zr-N, Ti-N, Ge-N, or Ta-N, the nitride oxide containing one or more compounds of these, carbide such as 
SiC, or C (carbon). Alternatively, the second interface layer 105 may be a layer which contains two or more kinds of 
oxides of the elements selected from the above group GM. Specifically, the second interface layer 1 05 may be formed 

45 from ZrO2-Si0 2 -Cr 2 O3-mixtu re-based material or HfC^-SIC^-CrgCVmixtu re-based material. The thickness of the in- 
terface layer is preferably in the range of 1 to 10 nm. and more preferably from 2 to 7 nm. If the thickness of the interface 
layer is large, the recording and erasing performance is affected because of the change of the optical reflectance and 
the optical absorptance of the multilayered body which consists of the layers from the first dielectric layer 2 to the 
reflective layer 8 and is formed on the surface of the substrate 1 . 

so [0124] Next, the method for producing the information recording medium 26 of Embodiment 2 is described. The 
information recording medium 26 is produced by carrying out the process in which the first dielectric layer 2 is formed 
on the surface of the substrate 1 on which the guide groove is formed (Process a), the process in which the recording 
layer 4 is formed (Process b), the process in which the second interface layer 105 is formed (Process f), the process 
in which the second dielectric layer 106 is formed (Process g), the process in which the optical compensation layer 7 

55 is formed (Process d) and the process in which the reflective layer 8 is formed (Process e) in this order, and further 
carrying out the process in which the adhesive layer 9 is formed on the surface of the reflective layer B, and the process 
in which the dummy substrate 1 0 is bonded. Since Processes a, b, d, and e are as described in relation to Embodiment 
1, the description of these processes is omitted here. Hereafter, only the processes not carried out in the production 
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of the information recording medium of Embodiment 1 are described 

dummy substrate 10 RS2Z!SS^^^ * h 2 '* 1°™* After tinishin 9 *• P^cess in which the 
iment 1. The information J^S^ST^T ' " to ^ 
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information recordingmedium o, EmbodtenM are decibel? ' "* ° Ut ** P ™° n ° f the 

Process i is a process in^t^ I ^ l ^S^llS^ ,0 *? P^ 9 ° f Emb ° diment 2 ' 

method is the same as that of Process f StZ L l ,T °" ° f th ° " rSt dielectric ,a * er 102 - The 

theprocess in which thedummysls^ 
in relation to Embodiment, 



(Embodiment 4) 



^L^raS 

cross section of the optical information recording medium ' ""^ ^ 4 sh ° WS the partial 



18 



EP 1 351 229 A2 



[0133] The information recording medium 28 shown in Figure 4 has a constitution in which a reflective layer 8, a 
second dielectric layer 6, a recording layer 4, and a first dielectric layer 2 are formed on one surface of a substrate 1 01 
in this order, and further a dummy substrate 110 is bonded to the first dielectric layer 2 with an adhesive layer 9. This 
information recording medium 28 is different from the prior art information recording medium 31 shown in Figure 10 in 
s that It does not have the first interface layer 1 03 and the second interface layer 1 05. Moreover, the information recording 
medium of this constitution is different from the information recording medium 25 which has the constitution shown in 
Figure 1 in that it does not have the optical compensation layer 7. 

[0134] A laser beam 1 2 is applied to the information recording medium 28 of this constitution from the dummy sub- 
strate 110 side, and thereby, information is recorded or reproduced. In order to make the recording density of the 

10 information recording medium high, it is necessary to form small record marks in the recording layer by narrowing a 
laser beam as well as using a laser beam of short wavelength. In order to narrow the beam, it is necessary to make 
the numerical aperture NA of an objective lens larger. However, a focal position becomes shallow when NA becomes 
large. Therefore, the substrate to which a laser beam is applied needs to be made thin. In the information recording 
medium 28 shown in Figure 4, the thickness of the dummy substrate 110 can be made small, since the substrate 110 

15 to which the laser beam is applied does not need to have a function as a support at the time of forming the recording 
layer and so on. Therefore, by employing this constitution, it is possible to obtain a large capacity information recording 
medium 28 on which information can be recorded with a higher density. Specifically, by employing this constitution, it 
is possible to obtain a 25GB information recording medium on or from which information is recorded or reproduced by 
using a laser beam with a wavelength of about 405 nm in a bluish-violet wavelength region. 

20 [0135] Also in this information recording medium, the first and the second dielectric layers 2 and 6 are oxide-fluoride 
based material layers like Embodiment 1 . An oxide-fluoride-based material layer is used as the dielectric layer irre- 
spective of the formation order of the reflective layer and so on, and recording capacity. Since the material contained 
in the oxide-fluoride-based material layer is as described in relation to Embodiment 1 , detailed description thereof is 
omitted. 

25 [0136] As mentioned above, this information recording medium 28 is suitable for recording and reproducing by a 
laser beam of a short wavelength. Therefore, the thickness of each of the first and the second dielectric layers 2 and 
6 is determined from a preferable optical path length on the assumption that X is, for example, 405 nm. In order to 
improve signal quality by increasing the reproduced signal amplitude of the record mark on the information recording 
medium 28, the optical path length "nd" of each of the first dielectric layer 2 and the second dielectric layer 6 is strictly 

30 determined by calculation based on the matrix method so as to satisfy, for example, 20 % <, Rc, and Ra < 5 %. As a 
result, when the oxide-fluoride-based material layer having the refractive index of from 1 .8 to 2.5 is made into the first 
and the second dielectric layers 2 and 6, it was found that the thickness of the first dielectric layer 2 is preferably in 
the range of 30 nm to 100 nm, and more preferably from 50 nm to 80 nm. Moreover, It was found that the thickness 
of the second dielectric layer 6 is preferably in the range of 3 nm to 50 nm, and more preferably from 1 0 nm to 30 nm. 

35 [0137] The substrate 1 01 is a transparent disc-shaped plate like the substrate 1 of Embodiment 1 . The guide groove 
for guiding a laser beam may be formed in the surface of substrate 1 01 where the reflective layer and so on are formed. 
When forming the guide groove, as described in connection with Embodiment 1 , the surface 23 which is closer to the 
laser beam 12 is referred to as the "groove surface", whereas the surface 24 which is located away is referred to.as 
the "land surface" for convenience. In the substrate 101, the distance in the thickness direction between the groove 

40 surface 23 and the land surface 24 (i.e. the depth of groove) is preferably in the range of 10 nm to 30 nm, and more 
preferably from 15 nm to 25 nm. Moreover, it is desirable that the surface where a layer is not formed is flat. The 
material for the substrate 1 of Embodiment 1 can be used as the material for the substrate 1 01 . Preferably, the thickness 
of the substrate 1 01 is in the range of about 1 .0 to 1 .2 mm. The preferable thickness of the substrate 1 01 is larger than 
that of the substrate 1 of Embodiment 1 . This is because, as mentioned below, the thickness of the dummy substrate 

45 110 is thin, and therefore, the substrate 101 needs to ensure the strength of the information recording medium. 

[0138] The dummy substrate 11 0 is a transparent disc-shaped plate like the substrate 1 01 . As mentioned above, by 
employing the constitution shown in Figure 4, it is possible to record information with the laser beam of a short wave- 
length by making the thickness of the dummy substrate 110 small. Therefore, the thickness of the dummy substrate 
1 1 0 is preferably in the range of 40 pm to 1 1 0 ^m. More preferably, the thickness of the adhesive layer 9 and the dummy 

50 substrate 11 0 in total is in the range of 50 u.m to 1 20 jam. 

[0139] Since the dummy substrate 11 0 is thin, the substrate is preferably formed from a resin like a polycarbonate, 
an amorphous polyolefin, or PMMA. The polycarbonate is particularly preferable. Moreover, since the dummy substrate 
1 1 0 Is located so that the laser-beam 12 reaches it first, it is preferable that the substrate has an optical characteristic 
of small birefringence with respect to a light in a short wavelength region. 

55 [0140] Preferably, the adhesive layer 9 Is formed from a transparent ultraviolet-curing resin. The thickness of the 
adhesive layer 9 is preferably in the range of 5 to 1 5^m. The dummy substrate 1 1 0 can be omitted, when the adhesive 
layer 9 also provides the function of the dummy substrate 1 1 0 and is formed so as to have a thickness in the range of 
50 nm to 120 um 
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(Embodiment 5) 

^0^0^^ rr ing r ium on or,rom which inf ~ n 

information recording medium ' d<SSCnbed - F, 9 ure 5 shows the partial cross section of the optical 

^.l!:uS^!^^z^^ '1 Fi9 ~ 5 has a constitution in which a second inf °™*- 

order, and furtheTore a ^1^0^^^^°^ °" ^ ^ ° f * Mat * 101 in thfe 

detail, the second informa3ier 22 s fo 2 J£i Z V 'formation layer 21 with an adhesive layer 9. In 

and the intermediatelayer 1 6 P thr ° U9h the dUmmy SUbS,ra,e 1 1 °' ,he flrst '" f °™«°n .ayer 21 , 
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6, between the second recording layer 18 and the fourth dielectric layer 17, and between the second recording layer 
18 and the fifth dielectric layer 19. Since the material for the oxide-fluoride-based material layer is as described in 
relation to Embodiment 1 , the detailed description thereof is omitted. 

[0151] Each of the fifth dielectric layer 19 and the second dielectric layer 6 serves as a thermal insulating layer 
5 between the reflective layer and the recording layer. Therefore, each of the fifth and the second dielectric layers 19 
and 6 is preferably formed by selecting a material so that the dielectric layers have low thermal conductivity and quench 
the second and the first recording layers 18 and 13 more effectively. Specifically, it is preferable that those layers 
contain a material expressed with, for example, (ZrSi0 4 )5 0 (Cr 2 0 3 ) 2 o(LaF3)3o (mol %). Moreover, the film thickness of 
each of the fifth and the second dielectric layers 19 and 6 is preferably in the range of 3 nm to 50 nm, and more 
10 preferably from 10 nm to 30 nm. 

[0152] The laser beam 12 passes through the fourth dielectric layer 1 7 and the first dielectric layer 2 before reaching 
the second recording layers 18 and the first recording layers 13 in the second information layer 22 and the first infor- 
mation layer 21 , respectively. Therefore, it is desirable that each of the fourth and the first dielectric layers 17 and 2 
consists of a transparent material with low thermal conductivity. Specifically, those layers preferably contain a material 
15 expressed with, for example, (Zr0 2 )2o( s i 0 2)4o( Cr 2 0 3)io( LaF 3)3o ( mo ' % )- Preferably, the film thickness of each of the 
fourth and the first dielectric layers 17 and 2 is in the range of 30 nm to 80 nm. 

[0153] Thus, also in the information recording medium of the single-sided dual-layer structure shown in Figure 5 5 the 
oxide-fluoride-based material layer makes it possible to form the dielectric layer located on both sides of the recording 
layer in direct contact with the recording layer without the interface layer. Therefore, according to this invention, the 

20 number of the layers which compose the whole medium can be reduced, also as to the information recording medium 
of the single-sided dual-layer structure. Moreover, by forming the dielectric layer from a material which contains a 
plurality of oxides and fluorides, or by selecting the kind(s) of oxide(s) and fluoride(s) which are to be contained in the 
material for the dielectric layer appropriately, the refractive index and the recording sensitivity of the medium are ad- 
justed so as to be optimized depending on the kind of information recording medium. 

25 [0154] The third dielectric layer 1 5 is located between the intermediate layer 1 6 and the first reflective layer 14. The 
third dielectric layer 15 is preferably transparent and has a high refractive index so that it may serve to enhance the 
transmissivity of the first information layer 21 . Moreover, the third dielectric layer 15 preferably consists of a material 
withf higher thermal conductivity so that it serves to diffuse the heat of the first recording layer 13 quickly, like the 
reflective layer. The material which satisfies these conditions is Ti0 2 -containing material (that is, T10 2 -based material): 

30 Specifically, Ti0 2 -based material is. a material which contains 50 mol % or more Ti0 2 . Ti0 2 -based material preferably 
contains 80 mol % or more Ti0 2 , and more preferably 90 mol % or more T10 2 . By using T10 2 -based material, the layer 
having a large refractive index of about 2.7 is formed. The film thickness of the third dielectric layer 15 is preferably in 
the range of 1 0 nm to 30 nm. 

[0155] The substrate 101 is the same as the substrate 101 of Embodiment 4. Therefore, the detailed description 

35 about the substrate 101 is omitted here. 

[0156] The second reflective layer 20 is the same as the reflective layer 8 of Embodiment 1 . Further, the second 
recording layer 1 8 is the same as the recording layer 4 of Embodiment 1 . Therefore, the detailed description about the 
second reflective layer 20 and the second recording layer 18 is omitted here. i 
[0157] The intermediate layer 16 is provided in ordertomakethe focal position of the laser beam in the first information 

40 layer 21 significantly differ from the focal position in the second information layer 22. In the intermediate layer 1 6, the 
guide groove is optionally formed on the first information layer 21 side. The intermediate layer 16 can be formed from 
an ultraviolet-curing resin. It is desirable that the intermediate layer 16 is transparent with respect to the light of the 
wavelength X used for recording and reproducing information so that the laser beam 12 can reach the second infor- 
mation layer 22 efficiently. The thickness of the intermediate layer 1 6 needs to be equal to or more than the focal depth 

45 AZ determined by the numerical aperture NA of an objective lens and the laser beam wavelength X. AZ can be approx- 
imated to be AZ=A7{2(NA) 2 }. When X is 405 nm, and NA is 0.85, AZ becomes AZ=0.28 \im. Further, since the range 
within ±0.3 u.m of this value is included in the range of focal depth, the intermediate layer 16 needs to have a thickness 
of 0.8 nm or more. Furthermore, the total thickness of the intermediate layer 16 and the dummy substrate 110 is 
preferably set within a tolerance of substrate thickness acceptable to the objective lens to be used, so that the distance 

so between the first recording layer 13 of the first information layer 21 and second recording layer 18 of the second 
information layer 22 may be within the range where the objective lens can concentrate light. Therefore, the thickness 
of the intermediate layer is preferably in the range of 10 u,m to 40 u/n. 

[0158] If necessary, the intermediate layer 1 6 may be constituted by stacking a plurality of resin layers. Specifically, 
it may have a two-layer structure consisting of a layer which protects the fourth dielectric layer 17. and a layer which 
55 has a guide groove. 

[0159] The first reflective layer 14 serves to diffuse the heat of the first recording layer 13 quickly. When information 
is recorded in or reproduced from the second information layer 22. the laser beam 12 which has passed through the 
first information layer 21 is used. For this reason, the first information layer 21 needs to have a high transmissivity as 
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maSa, EiX^£2^£^™ Therefore, the first reflective ,ayer 14 is limited in the 
thefi ra t re flectn,eiayer^ 'ff/ 20 - ,n orderto dec ' aaaa optteal absorption by 

a " d high thermal JnducW sp^^^^ 

The materia, which ^SSJSSf^^J^^ J* T^" 9 13 " 7 " m °' leSS ' 

ensured that good record mart* are f on^^d bv IS H selec,edso ,hat eve " » the layer is such a thin film, it is 
reproduced, and that r^w!™^^^^^!^ qUenCh,n9 ' a " d thereby the S * nal with ni 9" ^ a "*V ■ 
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of the information recording ]m7Zm^cH^Z P T " 9 enerated Thus . there are many variations 

[ayrma;^ ^ 2S^LT3S "UTeST^^ " -terfa, 

interface layer is formed M^SSZ ^1^2^ ^ " - — " ^ *" 
StionTeinTm^ ™ dium 29 " Embodiment 5 is described. The 

formed on the subsfrate 101 fPr™ i th * ^ 9 ^ ^ Pr ° CeSS in WhiCh the second reflectiva layer 20 is 
process in *S££ZZ -XgClT^ ^ 7 "J™ - ^ * 

layer 17 is formed (Process m) in this order and rhf^ (Pr0Cess and the P rocess which the fourth dielectric 
formed on the surface oH e fourth d eleSric layer 1 anXher T h '" °" intemledia,e ^ 1 6 * 
layer 1 5 is formed on the surfac ZZtZSaL tewr le JSl^^ Pr0CSSS h Wh ' Ch the lhird dielec,ric 
14 is formed (Process o) the process in .S 225S 1 ? ? Pr ° C6SS Whi ° h the firSt reflective la V er 

the first recording layer 3 i 7omrt UPro^ T»IZ ° 6 " f0rmed (Pr0Cess p >' the P rocess in which 

r) in this order, 2ZnZ™TclZn otnhe * B ~! "T, '"J" 1 ** ^ die ' eCtri ° ' ayer 2 is ,ormed ( Pro «*s 
flrstd rr 

[0168] Processes J to m correspond to the processes for forming the second information layer 22. Process j is a 
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process in which the second reflective layer 20 is formed on the surface of the substrate 1 01 where the guide groove 
is formed. Process j is carried out in the same manner as Process e in the production of Embodiment 1 . Next, Process 
k is carried out in order to form the fifth dielectric layer 19 on the surface of the second reflective layer 20. Process k 
is carried out in the same manner as Process c in the production of Embodiment 1 . Next, Process I is carried out to 
5 form the second recording layer 18 on the surface of the fifth dielectric layer 19. Process I is carried out in the same 
manner as Process b in the production of Embodiment 1 . Finally, Process m is carried out in order to form the fourth 
dielectric layer 17 on the surface of the second recording layer 18. Process m is carried out in the same manner as 
Process a in the production of Embodiment 1 . 

[01 69] The substrate 1 01 on which the second information layer 22 is formed according to Processes j to m is picked 
10 out from the sputtering device, and then the intermediate layer 16 is formed. The Intermediate layer 16 is formed 
according to the following procedures. Firstly, an ultraviolet-curing resin is applied to the surface of the fourth dielectric 
layer 17 by, for example, a spin coat method. Next, a polycarbonate substrate which has on its surface concavities 
and convexities which are complementary to the guide groove to be formed on the intermediate layer is stuck to the 
ultraviolet-curing resin with the concavo-convex side in contact with the resin. After applying an ultraviolet ray and 
is curing the resin, the polycarbonate substrate with concavities and convexities is peeled. Thereby, the guide groove 
which is complementary to the concavities and convexities is formed in the ultraviolet-curing resin, and the intermediate 
layer 16 which has the illustrated guide groove is formed. Alternatively, the intermediate layer 16 may be formed by 
forming a layer from an ultraviolet-curing resin which protects the fourth dielectric layer 17, and then forming a layer 
having a guide groove thereon. In this case, the intermediate layer to be obtained has a two-layer structure. Alternatively, 
20 the intermediate layer is formed by stacking three or more layers. 

[0170] The substrate 1 01 on which the layers up to the intermediate layer 1 6 are formed is again placed in a sputtering 
device, and then the first information layer 21 is formed on the surface of the intermediate layer 16. The processes for 
forming the first information layer 21 correspond to Processes n to r. 

[0171] Process n is a process in which the third dielectric layer 15 is formed on the surface of the intermediate layer 
25 16 on which the guide groove is formed. In process n, the sputtering is conducted in an Ar gas atmosphere or in a 
mixed- gas atmosphere of Ar gas and 0 2 gas, using a high frequency electric power unit and a sputtering target con- 
sisting of a Ti0 2 -based material. ^ 
[0172]- Next, Process o is carried out in order to form the first reflective layer 14 on the surface of the third dielectric . 
layer 15. In Process o, the sputtering Is conducted in an Ar gas atmosphere, using a direct current power source and * 
30 a sputtering target of an alloy containing Ag. > 
[0173] Then, Process p is carried out in order to form the second dielectric layer 6 on the surface of 1 4 of the first v 
reflective layer 14. Process p is carried out in the same manner as Process k. 

[01 74] Next, Process q is carried out in order to form the first recording layer 1 3 on the surface of the second dielectric t 
layer 6. In Process q, the sputtering is conducted in an Ar gas atmosphere or in a mixed-gas atmosphere of Ar gas p 

35 and N 2 gas, using a direct current power source and a sputtering target consisting of a material selected from Ge-Sb- *h 
Te such as GeTe-Sb 2 Te 3 -based material, Ge-Sn-Sb-Te which is, for example, obtained by substituting Sn for part of *r 
Ge of GeTe-Sb 2 Te 3 -based material, Ge-Bi-Te, Ge-Sn-Bi-Te, Ge-Sb- Bi-Te : and Ge-Sn-Sb-Bi-Te. \ 
[0175] Next, Process r is carried out in order to form the first dielectric layer 2 on the surface of the first recording 
layer 13. Process r is carried, out in the same manner as Process m. Thus, the first information layer 21 is formed by 

4"o carrying out Processes n to r in this order. 

[0176] The substrate 1 01 on which the first information layer 21 are formed is picked out from the sputtering device. 
Then, an ultraviolet-curing resin is applied to. the surface of the first dielectric layer 2, for example, by a spin coat 
method. The dummy substrate 110 is stuck to the applied ultraviolet-curing resin. An ultraviolet ray is applied from the 
dummy substrate 110 side to cure the resin, whereby the bonding process is finished. Also in the producing method 

45 of the information recording medium of Embodiment 5, the process of bonding the dummy substrate 110 can also be 
omitted in the same manner as in the producing method of the information recording medium of Embodiment 4. 
[0177] After finishing the bonding process, the initialization processes of the second information layer 22 and the 
first information layer 21 is carried out if necessary. The Initialization process of the second information layer 22 may 
be carried out before or after forming the intermediate layer, and the initialization process of the first information layer 

50 21 may be carried out before or after the bonding process of the dummy substrate 110. The method for carrying out 
the initialization process is as described in relation to Embodiment 1 . 

(Embodiment 6) 

55 [0178] As Embodiment 6, another example of the information recording medium on or from which information is 
recorded or reproduced by using a laser beam, is described. Figure 6 shows the partial cross section of the optical 
information recording medium. 

[0179] The information recording medium 30 shown in Figure 6 has a constitution in which a first dielectric layer 1 02, 
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dummy substrate 1 0 is bonded to ^LeLZl Zl^ a lZJIl ? SUbStrat6 1 th ' S ° rder ' and furthermore a 
30 shown in Figure 6, the firs, and the second SrflT^fllT^' M" ^ inf ° rma,i ° n reC ° rdin 9 •"•*■« 

3 and 5. The preferabie materia i for ie ^^^^Zf 8 ? ? 98 the firSt and ,he sec °" d interface layeTs 
"[ftandtheseconddielectric^ 

The thickness of each of the first and the second int^l " ,1'. ' ™ e aeta " e " description aboutthem is omitted, 
more preferably in the range of about 2 to 7 nm so S ^ I ' S preferab * in the *n*» of 1 to 10 nm, and 
interface layer which is the" oxide-fluond ^^S^SS^ fT* may " 0t be ^ed. The 
pensive, the extinction coefficient is low (i.e transparenc V E T^T 9 " that °° St f ° r ,he material is inex " 

of Uodiment 6 is described. The 

on the surface of the substrate 1 where the ^SKSri^Sr* "" t die ' eCtriC l£ * er 1 02 is '-med 

layer 3 rs formed (Process s), the process in which the r~Z^ ( ? the Pr ° CeSS in which tne first in,e rface 
the second interface layer 5 is forced (ProcesTt) he process SZ^lT^ ^ ** WhiCh 

Process g), the process in which the optica. compensatfon'a V er 7 TZ^!?*"* ^ ^ 106 iS ,0rmed 
the reflective layers is formed (Process e) in this Sorter an furthi, k ( ° CeSS d) ' a " d the Drocess in 

layer 9 is formed on the surface of the reflective Tver 8 and na n, * ^ Pr ° CeSS in Which the adhe ^ 

Processes b, d, and e are as described in rSon SKtaES ^ h 9 dUmmy SUbs,rate 1 0 fe b °»*°*- 
.andProcessh.asdeschbedinreiationtoEmbod^^^^^ 

process in which thesecond Interface ^^ZZ^^J^ZF™™ " Embodiment 1 " Process t is a 

msirzrr as process c in ^ p»diJir?sss^ ,he recordin9 ,ayer 4 process 1 fe « °« 

U^am^d^ 

recording medium of this invention is noTSed ?SS312 B T, ,D ^ 1 10 8 " ^ ^ information 
layer is provided, preferably in contact with a recordina fcS a J rnents As long as an oxid-fluoride-based material 
recording medium o, this invention may tJl^t^' " ^ ' W ^ ^ inforrna,ion 

to any embodiment irrespective of me order of fon^inn 1» h? words, the present invention is applicable 

recording conditions and'recording capacij, the oS °r ° numb » ° f the -cording'layers, 

suitable for recording with a laser beam oSZTiTtSTr reC ° rd ' n9 °' ,h ' S inVenti0n " 

of this invention may be, for example, DVD-RAM "or DVD r ! ,S ^ < ^ mfoma «™ recording medium 
a laser beam with a wavelength between 630 and 680 nm J « 1 * ,nforrnation is recorded or reproduced by 

is recorded or reproduced bfa ^bT^.^^'i2^^«« 



(Embodiment 7) 



recording medium. W ' aescnbed - "Bure 8 shows the partial cross section of the information 

constitution including a column-shaped recordin Haver 205 S,T? 9 ^ 2 ° 3 °' the memor y 207 has a 
layer 205. It differs from the optical ItatomZ^Tr^f ^"Z ^ 2 ° 6 enC,OSes the re =°rding 
memory 207 of this embodiment, the reZ^Z^sLTlJ^T^ ""o ,0 RgUres 1 t0 6 " 

and they are not in the laminated relationship Howewr sinS ho r h f**' 2 ° 6 3re ,0rmed on the same s "rface, 
constitute part of the multilayered ^^M^^^^T? 0 '^ft and tha diale «ric layer 206 both 
,n the memory 207, they can be each , referre Ho as »faX» Theref J T , ** ^ 6,eC,r ° deS 202 and 204 
-nvention also includes an embodiment which has a -0^^ «* 
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[0186] As the substrate 201, a semiconductor substrate, such as Si substrate, a polycarbonate substrate, or an 
insulating substrate such as a Si0 2 substrate and an Al 2 0 3 substrate can be used. The lower electrode 202 and the 
upper electrode 204 are formed from a suitable electrically conductive material. The lower electrode 202 and the upper 
electrode 204 are formed by, for example, sputtering a metal such as Au, Ag, Pt, Al, Tl t W, Cr, or a mixture thereof. 

s [0187] The recording layer 205 which constitutes the recording part 203 consists of a material in which the phase 
change is generated by applying an electric energy. Therefore, the recording layer 205 can be referred to as a "phase- 
change part." The recording layer 205 is formed from the material in which the phase change between a crystal phase 
and an amorphous phase is caused by the Joule heat generated by applying an electric energy. As the material for 
the recording layer 205, for example : Ge-Sb-Te, Ge-Sn-Sb-Te, Ge-Bi-Te, Ge-Sn-Bi-Te, Ge-Sb-Bi-Te and Ge-Sn-Sb- 

w Bi-Te-based material is used, and more specifically, a GeTe-Sb 2 Te 3 -based material or a GeTe-Bi 2 Te 3 -based material 
is used. 

[0188] The dielectric layer 206 which constitutes the recording part 203 serves to prevent the current which flows 
the recording layer 205 by applying a voltage between the upper electrode 204 and the lower electrode 202, from 
escaping to the periphery part, and to insulate the recording layer 205 electrically and thermally. Therefore, the dielectric 
13 layer 206 can be also referred to as a 'thermal insulating part." The dielectric layer 206 is an oxide-fluoride-based 
material layer. Specifically, the layer is one which contains the material expressed with the above-mentioned formula 
(1), (2), (3), (4) or (5). The oxide-fluoride-based material layer is preferably used because it has a high melting point, 
atoms in the material layer are difficult to diffuse even when the material is heated, and it has low thermal conductivity. 
[01 89] This memory 207 is further explained together with the operation method in the below-mentioned Examples. 

20 

EXAMPLES 

[0190] To further illustrate the present invention, and not by way of limitation, the following examples are given. 
25 (Testl) 

[0191] First, the relationship between the nominal composition of a sputtering target of an oxide-fluoride-based ma- 
terial used for producing the information recording medium of this invention (in other words, the composition which a 
target manufacturer indicates in public when they provide it) and its analyzed composition, was examined. 

30 [0192] In this test a sputtering target of which nominal composition was indicated with (ZrSiO 4 ) 40 (Cr 2 O3)3 0 (LaF 3 )3 0 
(mol %) corresponding to the formula (50) was powdered and then subjected to a composition analysis by a X-ray- 
microanalyser method. As a result, the analyzed composition of the sputtering, target was obtained not as the formula 
(50) in which the ratio of each compound was indicated, but as the formula (30) in which the ratio of each element was 
indicated. The results of the analysis are shown in Table 1 . Further, the reduced composition (atomic %) which is an 

35 elementary composition calculated from the nominal composition is also shown in Table 1 . 



Table 1 



Nominal Composition (ZrSiO 4 ) a (Cr 2 O 3 ) b (LaF 3 )100-a-b(mol 
%) (= Reduced Composition (at. %)) 


Analyzed Composition Z^CrsSitOyLa^^ (at. %) 


(ZrSi04)4 0 (Cr 2 03) 3 o(LaF 3 ) 30 

(=Z r 7.8 Cr 11 .8 Si 7 8°49.1 La 5.9 F 1 7.6) 


Z r 7.5 Cr 12 SI 7.5 0 49 La 6 F 18 



[0193] As shown in Table 1 , the analyzed composition was substantially equal to the reduced composition (atomic 
45 %) of the nominal composition (mol %). From this result, it was confirmed that the actual composition (i.e. the analyzed 
composition) of the sputtering target with the composition indicated by the formula (50) was substantially the same as 
the elementary composition (i.e. the reduced composition) obtained by calculation, and therefore the nominal compo- 
sition was correct. 

so (Test 2) 

[0194] The relationship between the nominal composition of a sputtering target of an oxide-fluoride-based material 
used in the production of the information recording medium of this invention and the analyzed composition of an oxide- 
fluoride-based material layer formed by using this target was examined. Specifically, a sputtering target whose nominal 
55 composition was indicated as (ZrSi0 4 ) 30 (Cr 2 0 3 )5o(LaF 3 ) 20 (mol %) corresponding to the above formula (50) was used. 
The sputtering target (of 1 00 mm diameter and 6 mm thickness) was set in a conventional film-forming device (sputtering 
device). The sputtering was carried out in an atmosphere of Ar gas under conditions of a power of 500 W and a pressure 
of 0.13 Pa using a high frequency electric power unit. As a result of this sputtering, an oxide-fluoride-based material 
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material layer was also obtained not L7ZTS!%TT'Jl e com P osition ° f the oxide-fluoride-based 

formula (3) in which the ratio oTeS T^ZtV^t T 1 ^ W * S lndiCated < but * s th * 

reduced composition of the target ^^^J2^^ ? ™ Sh ° Wn Tab,e 2 ' Further ' the 

9 wnjcn is calculated from the nominal composition is shown in Table 2. 



Ta ble 2 

Nominal Composition of Target (2rSi0 4 ) a (Cr 2 0 3 ) b 
( LaF 3)ioo. a -b (mo| %) ( = Reduced Composition (at. %)) 



(2rS»O 4 )3 0 (Cr 2 O 3 ) 50 (LaF3) 20 
(-Zr 59 Cr 196 Si 59 Q 529 La 39 F 1ia ) 



Analyzed Composition of Oxide-Fluoride-based Material 
Layer Z^CrsSirOuLayFyy (at. %) 



Zr 6 . 2 Cr 20 Si 6 O 529 La 35 F 114 



s 0 rc ?r sjf^r^^^irr r substantia,,y the same - the ^ — 

the oxide-fluoride-based material layer ^Sl! composrtion (i.e. the analyzed composition) of 

composition) of the sputtering t-jKESSSK Thermo ft e ' 8mentary C ° mP ° Siti0n <"* th * redu< = ed 
targe, with the composition indicated by the formula S avl whLh IhT ^"^^ by USing 3 SpUtterln 9 
[0196] It is considered that the same result aTthLf nf, . / . the Same com P os « i °n was formed, 
which are provided with the fcSSS K^^i'SSS J**** 1 " t0 ° lher 
GM and the fluoride(s) of the elements selected SLT ~ -? ( > ele ™nt(s) selected from the group 

position of a sputtering Ib^SSS^^^^T^ Therefore, in the foliowing examples, the com 
permissible thattheno^lna^compStono "al^lT^T^ ^ %) ' " fe Considered thal « * 

material layer formed by a sputtering method usi^a L 2? «>"W<>n (mol %) of an oxide-fluoride-based 

following examples, by L indicated EdosZ ^ , 9 3fe regarded as the same - There ^. In the 

cated. Further, in the following |2S«S?SS^H? P ^ ,ng th ° com P osit,ons °< a dielectric layer is indi- 

layerareindicatedonVbythera^m^ 
(m o, % )tothee,ementa,comp 0S Lon ( iS 



(Example 1) 



So^^ 

whilevaryingamaterialforafirstandaseTonddfeCn^ 

the second dielectric layer 6 were made o7a mSZ h • .u " ea ° h Samp,e " ,he f irs1 Electric layer 2 and 

of the information recording melm 25 ^ expTaTned S J" T C ° mposition - Haraa *e producing" method 
the same reference numbe'r as ttTSi^^^lZl^J^^ 9 ' °' e ' ementS ' S identified b V 
mation recording mediums of the followinae^ml^/o^ h f ^ " F ' 9Ure 1 " Similari * with respect to infer- 

Sirs™ 

depth of 56 nm and a track pfteh (I.171S£SZ2 cente^r - ^ "* ° f ^ P 0 ^ 3 * 0 "^ with a 

Plane paralie. to the principal surface of t^S^o^SZ 9r °° Ve ' " " - ' ' and SUrfaCe 24 h 3 

Sd^JfcC^ 

(Sarnie ^'^S^^^^S £ ^ ' ? m ™* (8m ** ^ ™> 
Cr 2 0 3 (Sample No. 1 -\ Mo o 3 (Sample No ° 8 WO S U m ^ ( <f amf " e N ° 1 ' 5) ' Ta ^ < Sam P ,e N °- 1 "6)! 
1-11), 2ns (Sample No 1-12)\a^XI3. No S andTo % ^ (SamP ' e N °' 1 " 10) ' Zn ° < Sam P |e No 
[0201] , n presses for forming ^^SS^^ ^^J^^^ M4) Were used ' respectively, 
diameter of 100 mm. a thickness of 6 mm m^ 

a h.gh frequency sputtering was carried out under a pressure o7o 13 P» ^f , UMormmg device, and then 

in each sample were as shown in Table 3 * P ° Wer and me a ^°sphere gas employed 

mm) 2 mad'e n I^SS^^S^' TS? ^ (a *— " * 100 ™' a - « 

binary system composition was 'attached o ths Z ? by , Sub ff ,n 9 Sn fora P^ of Ge in a GeTe-Sb 2 Te 3 pseudo- 
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in the device. A pressure during the sputtering was maintained at 0.13 Pa. The composition of the recording layer 4 
was GegySnQSb^Te^ (atomic %). 

[0203] In a process for forming the optical compensation layer 7, a sputtering target (a diameter of 1 00 mm, a thick- 
ness of 6 mm) made of a material having a composition of Ge 80 Cr 20 (atomic %) was attached to the film-forming device, 
5 and then a DC sputtering was carried out. The power was 300 W. During the sputtering, Ar gas was introduced. The 
pressure during the sputtering was maintained at about 0.4 Pa. 

[0204] In a process for forming the reflective layer B, a sputtering target (a diameter of 1 00 mm, a thickness of 6 mm) 
made of an Ag-Pd-Cu alloy was attached to the film-forming device and then a DC sputtering was carried out. The 
power was 200 W. During the sputtering Ar gas was introduced. The pressure during the sputtering was maintained 
10 at about 0.4 Pa. 

[0205] After forming the reflective layer 8, an uftravio let-curing resin was applied to the reflective layer 8. As a dummy 
substrate 10, a disc-shaped polycarbonate substrate of a diameter of 120 mm and a thickness of 0.6 mm was stuck 
on the applied ultraviolet-curing resin. Then, an ultraviolet ray was applied from the dummy substrate 10 side to cure 
the resin. Thereby, an adhesive layer 9 consisting of the cured resin with a thickness of 30 nm was formed, while the 

*5 dummy substrate 10 was laminated to the reflective layer 8 with the adhesive layer 9. 

[0206] After laminating the dummy substrate 10. an initialization process was carried out using a semiconductor 
laser with a wavelength of 81 0 nm. In the initialization process, the recording layer 4 in a substantially whole annular 
area ranging from 22 to 60 mm in a radial direction of the information recording medium 25 was crystallized. When the 
initialization process was completed, the production of the information recording medium 25 was finished. 

20 [0207] For the purpose of comparison, an information recording medium 31 having the structure as shown in Figure 
10 was made. In the comparative sample, a first dielectric layer 102 and a second dielectric layer 106 were formed 
from (ZnS) 80 (SiO 2 ) 20 . Further, both of a first interface layer 103 and a second interface layer 105 were formed into a 
film consisting of Ge-Cr-N of 5 nm thickness respectively. 

[0208] The first dielectric layer 102 was formed by conducting a high frequency sputtering using a sputtering target 
25 made of (ZnS) 80 (Si0 2 ) 2 o (a diameter of 100 mm and a thickness of 6 mm) under a pressure of 0.13 Pa. In this sputtering 
process ; the conditions as shown in Table 3 were employed. The second dielectric layer 1 06 was formed in the same 
manner as the first dielectric layer 2. 

[0209] In a process for forming the first interface layer 103, a sputtering target (a diameter of 100 mm, a thickness 
of 6 mm) made of a material having a composition of Ge^Cr^ (atomic %) was attached to the film-forming device, 

30 and then a high frequency sputtering was carried out under a pressure of about 1 .33 Pa. The power was 300 W. As 
an atmosphere gas, a mixed gas of Ar gas (60 %) and N 2 gas (40 %) was introduced. As a result, the first interface 
layer 103 of Ge-Cr-N was formed by reacting N 2 in the mixed gas with Ge and Cr which were sputtered from the 
sputtering target. The second interface layer 1 05 was formed in the same manner as the first interface layer 1 03. 
[0210] An optical compensation layer 7 and a reflective layer 8 of the information recording medium 31 were formed 

35 in the same manner as the optical compensation layer 7 and the reflective layer 8 of the information recording medium 
25. The formation of an adhesive layer 9 and the lamination of a dummy substrate 10 were carried out in the same 
manner as those in the production of the information recording medium 25. 

[0211] Next, the method for evaluating the information recording medium is explained. The evaluation of adhesive- 
ness of the dielectric layer in the case of the information recording medium 25 was based on the delamination under 

40 a condition of a high humidity and a high temperature. Specifically, the information recording medium 25 after the 
initialization process was located for 1 00 hours in a high humidity/high temperature-tank where a relative humidity was 
80 % and the temperature was 90 °C. Then, the medium 25 was investigated by observation using a light microscope 
whether the delamination occurred between the recording layer and the adjacent dielectric layers, more specifically, 
between the recording layer 4 and at least one of the first dielectric layer 2 and the second dielectric layer 6. Of course, 

45 a sample was rated as one having good adhesiveness when no delamination occurred; on the other hand, a sample 
was rated as one having low adhesiveness when delamination occurred. 

[0212] The evaluation of overwrite cycle-ability of the information recording medium 25 was based on the number 
of overwrite cycles. The number of overwrite cycles was determined as described below. 

[0213] In order to record information on the information recording medium 25. an information recording system having 
so a general constitution was used. The system was provided with a spindle motor for rotating the information recording 
medium 25, an optical head including a semiconductor laser which can emit a laser beam 12, and an objective lens 
for condensing the laser beam 12 on the recording layer 4 of the information recording medium 25. On evaluating the 
information recording medium 25, recording which was equivalent to a capacity of 4.7 GB was conducted by using the 
semiconductor laser with a wavelength of 660 nm and the objective lens with a numerical aperture of 0.6. A linear 
55 velocity of rotation of the information recording medium 25 was set at 8.2 m/second. A time interval analyzer was used 
for measuring a jitter in order to obtain an average of jitters as mentioned below. 

[0214] Firstly, in order to determine a measurement condition for determining the number of overwrite cycles, apeak 
power (Pp) and a bias power (Pb) were determined according to a following procedure. Using the system described 
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a mark .ength o, 0.42 urn ^ to 1 96 *m M *n tinnes on 2 sa^T^ ^ " ^ 8 Mm Signal With 
groove recording). Then, a jitter between ^front , Jds JZ l m ,! ! 9 V * SUrfa ° e ° f ttle recordin 9 ,aver 4 <°V 
was calculated as the mean 'vaLs tfZe Such Stte J.r " ™ WWB meaSUred - A i^-averagl 
the bias power being fixed whi.e the pert 00^^ EEZT T T^"* ° n 6aCh r6C0rdin 9 condi,i °" wit " 
as large as a peak power at wh ch 5, TiZ ZZTJT^ 9 mcreased - A P™» that was 1 .3 times 

temporarily. Next a j«J averaqe was meat ntn 9 k ra „ nd ° m S ' 9na ' beCame 13 % was determined as P P 1 
while the bias powe ™m~£Z£LZ uoIThT" 9 T™™ "* ** P6ak P ° W6r bein 9 f ixed - 
for the random signal became 13 ™ o7S?« d2ZT h 'T?™ 5 ° f b ' aS P ° WerS at which the jitter-average 
recording cond JnvtftMheb^ 

A power that was 1 .3 times as large as ^peak power a IhTj, the P ° Wer Was , vaded b * be '"3 Bradual(y increased. 

oT=£^^ 

-rlgTn^ ^ example based on a jfcer-average. The information 

tocontinuoust, record a random signal 

wh.le repeating the predetermined times (by groove recordinot ^nir thlt Vf m ( ^ Same 9r °° Ve SUrface 
average was measured when the repetition UTs Te th« n ? h , ' J ner - avera 9 e was measured. The jitter- 
and 500 times, every 1000 t^nT^i^Mot^Z^ t" WaS 1> 2 ' 3 ' 5 ' 10 < 100 ' 20 °- 

to 100000 times. The limit 0" Tverl^ dZed Zlll T n ' 10000 timeS in a ran 9 e fram 2°°°° 

evaluated based on the num^^^SS m th a l^ J rtt ^- aVerage became 13 % - ° va ™*e cycle-ability was 
the overwrite cycle-ability is rated as htahlr ZT* fJ2 V 38 the RUmber of ovewrite c V cles ' a ^er, 

of a computer, the numie oTo^r! S-^^pSJ^TS^^ """" " 98 " SXtemal ^ 
medium is used as a medium foran "di^v^ -rding 



Sample No. 



1-1 



1-2 



1-3 



Table 3 



First and Second Dielectric Layers 



Material 



TiO, 



ZrOn 



Hf0 2 

v 2 o! 



'Not Overwritable 



Sputtering Conditions 



Power (W) 



500 



500 



500 
500 



Atmosphere Gas Mixing 
Ratio (%) 



Ar 



100 



100 



100 
100 



0 
0 



Evaluation 



Delamination 



Number of 
Overwrite 
Cycles 



Peak 
Power Pp 
Pp (mW) 



Yes 



Yes 



Yes 
Yes 



10000 



> 100000 



> 100000 



15.5 



13.0 



13.0 
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Table 3 (continued) 



Sample No. 


First and Second Dielectric Layers 


Evaluation 


Material 


Sputtering Conditions 


Delamination 


Number of 
Overwrite 
Cycles 


reaK 
Power Pp 
Pp(mW) 






Power (W) 


Atmosphere Gas Mixing 
Ratio (%) 














Ar 


o 2 








1-12 


ZnS 


400 


100 


0 


No 


1000 


12.0 


1-13 


LaF 3 


400 


100 


0 


No 


1000 


13.0 


1-14 


Te0 2 


200 


97 


3 


Yes 


Not 

Appreciable* 




Comparative 
Sample 


(ZnS)^ 
(SiO 2 )20 
(PriorArt) 


400 


97 


3 


No 


> 100000 


11.0 



•NotOverwritable 



[0216] As shown in Table 3, it was difficult to overwrite in the recording mediums of Sample Nos. 1-4, 1-8, 1-9 and 
1-14. Specifically, when the second overwrite was conducted after forming the first recording marks, previously formed 
recording marks (i.e. the first recording marks) were not erased. Therefore, it was found that it was difficult to use V 2 O s , 
Mo0 3 , W0 3 , and Te0 2 as the dielectric layer. In the other samples . the properties equivalent to those of the comparative 
sample were not obtained. That is, any of the information recording mediums of Samples No. 1 -1 to 1 -1 4 did not satisfy - 
good adhesiveness, good overwrite cycle-ability, and good recording sensitivity (Pp < 14 mW) at the same time. 
[0217] From this result, it Was found that any of the materials used in Sample Nos. 1-1 to 1-14 was not suitable for 
forming the dielectric layer in contact with the recording layer when used alone. However, from this result, it was found 
that the dielectric layers formed from Cr 2 0 3 , ZnO, ZnS and LaF 3 respectively showed good adhesiveness to the re- 
cording layer, and that the information recording mediums including the dielectric layers formed from Ti0 2 , Zr0 2 , Hf0 2 , 
Nb 2 0 5 , Ta 2 O s , Cr 2 O a and Si0 2 respectively had good overwrite cycle-ability. Therefore, the inventors considered that 
it is expected that good adhesiveness and good overwrite cycle-ability are achieved at the same time by using a mixture 
of one or more compounds selected from Cr 2 0 3 , ZnO ; ZnS and LaF 3 and one or more compounds selected from Ti0 2 , 
ZrQ 2 , Hf0 2 , Nb 2 O s , Ta 2 O s , Cr 2 O a and Si0 2 . 

(Example 2) 

[0218] In Example 2, for the purpose of accomplishing good adhesiveness and good overwrite cycle-ability at the 
same time, information recording mediums were produced. In these mediums, each dielectric layer was formed from 
a mixture of two materials selected from those used in Example 1 , one material being an excellent adhesiveness and 
the other ensuring a practical overwrite cycle-ability of the information recording medium. More specifically, similarly 
to Example 1 , twenty-seven samples, which each had a constitution similar to the information recording medium 25 
shown in Figure 1 , were produced, while varying a two-component material for a first and a second dielectric layers 2 
and 6. In each sample, the first dielectric layer 2 and the second dielectric layer 6 in each sample were made of a 
material having the same composition. 

[0219] The information recording mediums of this example were produced in the same manner as in Example 1 
except the first and the second dielectric layers were made of the materials shown in Table 4. Therefore, each of the 
samples had a constitution which was similar to the information recording medium 25 shown in Figure 1 . A substrate 
1 was the same as the substrate used in Example 1 . A recording Iayer4, an optical compensation layer 7 and a reflective 
layer 8 were formed in the same manner as in Example 1 . The first dielectric layer 1 and the second dielectric layer 6 
were formed by conducting a high frequency sputtering under a pressure of 0.1 3 Pa with a sputtering target (a diameter 
of 1 00 mm, a thickness of 6 mm) made of a material shown in Table 4, respectively. The atmosphere gas and sputtering 
power employed in each sample are shown in Table 4. 

[0220] With, respect to each sample, adhesiveness of the dielectric layers and overwrite cycle -ability of the informa- 
tion recording medium were evaluated. The results are shown in Table 4. The method for evaluating adhesiveness 
and overwrite cycle-ability are as described above. 
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Table 4 



Sample No. 


Fii 


-st and Second Dielectric Layers 


Evaluation 




Material 


Sputtering Conditions 


Delamination 


Number of 
Overwrite 
Cycles 


Peak 
Power Pp 
(mW) 






Power (W) 


Atmosphere Gas Mixing 
Ratio (%) 














Ar 


o 2 








2-1 


(TiO 2 ) 50 
(Cr 2 O 3 ) 50 


500 


100 


0 


No 


50000 


15.5 


2-2 


( Tio 2)so 
(ZnO) 50 


400 


100 


0 


No 


100 


15.0 


2-3 


(TiOgfeo 
(ZnS)^ 


400 


100 


0 


No 


1000 


13.8 


2-4 


0"iO 2 ) 50 


400 


100 


0 


No 


30000 


13.3 


2-5 


(ZrO 2 )50 


500 


100 


0 


No 


100000 


14.3 


2-6 


(ZrO 2 )50 
(ZnO) 50 


400 


100 


0 


No 


1000 


13.7 


2-7 


(ZrO 2 ) 50 
(ZnSJso 


400 


100 


0 


No 


1000 


12.5 


2-B 


(ZrO 2 )50 
(LaF3)5o 


400 


100 


0 


No 


50000 


12.0 


2-9 


(HfO 2 ) 50 
(Cr 2 O 3 ) 50 


500 


100 


0 


No 


100000 


14.3 


2-10 


(HfO 2 ) 50 
(ZnO) 50 


400 


100 


0 


No 


1000 


13.8 


2-11 


(HfO 2 ) 50 
(ZnSJso 


400 


100 


0 


No 


1000 


12.5 


2-12 


(HfO 2 ) 50 
(LaFa)^ 


400 


100 


0 


No 


50000 


12.0 


2-13 


(Nb 2 O 5 ) 50 
( Cr 2O3)50 


500 


100 


0 


No 


10000 


14.5 


2-14 


(Nb 2 O 5 ) 50 
(ZnO) 50 


400 


100 


0 


No 


100 


14.0 


2-15 


(Nb 2 O 5 ) 50 
(ZnSJso 


400 


100 


0 


No 


1000 


13.3 


2-16 


(Nb 2 O 5 ) 50 
(LaF 3 ) 50 


400 


100 


0 


No 


10000 


12.3 


2-17 


("^205)50 
(CraOa)^ 


500 


100 


0 


No 


10000 


14.5 


2-18 


( T a 2 O 5 )50 
(ZnO) 50 


400 


100 


0 


No 


100 


14.0 j 


2-19 


( Ta 2°5)50 

(ZnS)^ 


400 


100 


0 


No 


1000 


12.8 
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Table 4 (continued) 





Sample No. 


First and Second Dielectric Layers 


Evaluation 


5 




Material 


Sputtering Conditions 


Delamination 


Number of 
Overwrite 
Cycles 


Peak 
Power Pp 
(mW) 








Power (W) 


Atmosphere Gas Mixing 
. Ratio (%) 








10 








Ar 


o 2 










2-20 


(TaaOJgo 
(LaF 3 )5o 


400 


100 


0 


No 


10000 


12.3 


15 


2-21 


(Cr 2 O 3 ) 50 
(ZnO) 50 


400 


100 


0 


No 


100 


15.0 




2-22 


(CrgOaJgo 
(ZnS)^ 


400 


100 


0 


No 


1000 


13.8 


20 


2-23 


(LaF 3 )5o 


400 


100 


0 


No 


10000 


13.2 




2-24 


(SiO^ 
(CraOa)^ 


500 


100 


0 


No 


! 100000 


14.3 


25 


2-25 


(SiO 2 )50 
(ZnO) 50 


400 


100 


0 


No 


100 


13.8 




2-26 


(SiO^so 
(ZnS)*) 


400 


100 


0 


No 


1000 


i 12.5 


30 


2-27 


(SiO 2 ) 50 
(LaF 3 )5o 


400 


100 


0 


No 


80000 


12.0 


Comparative 
Sample 


(ZnSJeo 

(SiO 2 ) 20 
(prior art) 


400 


97 


3 


No 


> 100000 


11.0 



[0221] As shown in Table 4, delamination did not occur in all of the information recording mediums of Sample Nos. 
2-1 to 2-27, and therefore adhesiveness was improved. The samples wherein a material containing Cr 2 0 3 was used 
showed good overwrite cycle- ability. Particularly, in each sample wherein a material obtained by mixing Cr 2 0 3 with 
Zr0 2 , Hf0 2 or Si0 2 was used, the number of overwrite cycles was 100000. Further, each sample in which a material- 
containing LaF 3 was used showed Pp < 14 which means good recording sensitivity. On the contrary, each sample in 
which a material containing ZnO or ZnS was inferior in overwrite cycle-ability. From these results, it was found that 
Cr 2 0 3 or LaF 3 is preferably employed as a material which is to be mixed with a dielectric material that contributes to 
good overwrite cycle-ability, that is, Ti0 2 , Zr0 2 , Hf0 2 , Nb 2 O s , Ta 2 O s , Cr 2 0 3 or Si0 2 . Further, it was considered that 
the comibnation of oxide and fluoride is more effective in lowering thermal conductivity of the layer than the combination 
of two kinds of oxides. 

[0222] In addition, from the results shown in Table 4, it was found that, by using the combination of LaF 3 and oxide, 
it was possible to obtain an information recording medium which satisfy good adhesiveness, good overwrite cycle- 
ability and good recording sensitivity at the same time. From this, the inventors considered that the same good result 
would be obtained by using a mixture containing a fluoride of a rare earth metal. 

(Example 3) 

[0223] In Example 3, for the purpose of achieving good recording sensitivity, the dielectric layer was formed from a 
material which was obtained by mixing a fluoride of a rare earth metal with any one of Zr0 2 , Hf0 2 and Si0 2 which 
particularly favorably contribute to overwrite cycle-ability. Specifically, similarly to Example 1 , twenty-four samples, 
which each had a constitution similar to the information recording medium 25 shown in Figure 1 , were produced, while 
varying a two-component material for a first and a second dielectric layers 2 and 6. In this example, the first dielectric 
layer 2 and the second dielectric layer 6 in each sample were made of a material having the same composition. 
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which was similar to the information recoTdTna medZ ^ f h Therefore, each of the samples had a constitution 
substrate used in Example 1 A record SiSi^T f ,n F ' 9Ure 1 ' A SUt?Strate 1 was the sa ™ as the 

in the same manner as in EwT?hXd^ 

conducting a high frequency sSng J^pSSiS^'p SeC ° nd dW " We layer 6 Were f °™° b * 

thickness of 6 mm) made 3a materiafshown fn s 1„ . ■ V? 3 SPlJtterin9 target (a diameter of 1 00 ™- » 
the dielectric .ayer. the sputtering was conned J^n A TZSSSLS* * *" ** ,he Pr0C6SS 0f 1omi ^ 

[02251 With resDect to p a rh " nQUCtea ln an Ar 9 a s atmosphere using a 400 W power 

overwrite cycle-ability are as described \ZT ^ f ° r 6ValUatin 9 ^hesiveness and 



Sample No. 



3-1 



3-2 



3-3 



3-4 



3-5 



3-6 



Table 5 



First and Second 
Dielectric Layers 



Material 



(ZrO2) 50 (CeF 3 ) 50 



Evaluation 



Delamination 



( Zr Q 2 )5o(PrF 3 ) 50 



(2rO 2 ) 50 (NdF 3 ) 50 



No 



Number of Overwrite 
Cycles 



Peak Power Pp (mW) 



No 



(ZrO 2 ) 50 (GdF 3 ) 50 



( z '0 2 )5oPyF 3 ) 50 



3-7 



3-8 



3-9 



3-10 



3-11 



3-12 



3-13 



grOgjsojHoFa)^ 



(ZrO2)50(ErF 3 ) 50 



(ZrO 2 ) 50 (YbF 3 ) 50 



(HfO 2 ) 50 (CeF 3 ) 50 



(HfO 2 ) 50 (PrF 3 ) 50 



No 



No 



No 



No 



No 



40000 



12.6 



40000 



12.4 



20000 



12.3 



20000 



12.5 



20000 



12.2 



20000 



12.7 



No 



No 



(HfO 2 ) 50 (NdF 3 ) 50 



(HfQ 2 ) 5 o(GdF 3 ) 50 



3-14 



3-15 



3-16 



3-17 



3-18 



3-19 



3-21 



3-22 



3-23 



3-24 



Comparative Sample 



(HfO 2 ) 50 (DyF 3 ) 50 



(HfO 2 ) 50 (HoF 3 ) 50 



(HfO 2 ) 50 (ErF 3 ) 50 



(HfO 2 ) 50 (YbF 3 ) 50 



(Si0 2 ) 5 o(CeF 3 ) 50 



(SiO2)50(PrF 3 ) 50 



(SiO 2 ) 50 (NdF 3 ) 50 



(SiO 2 ) 50 (GdF 3 ) 50 



(SiO 2 ) 50 (DyF 3 ) 50 



(SiO 2 ) 50 (HoF 3 ) 50 



(SiO 2 ) 50 (ErF 3 ) 50 



(SiQ2) 5 o(YbF 3 ) 50 



(ZnS) 80 (SiO 2 )20 (Prior 



Art) 



No 



No 



No 



No 



No 



No 



10000 



12.8 



10000 



40000 



12.5 



12.4 



40000 



12.5 



20000 



12.6 



20000 



12.3 



20000 



12.4 



20000 



12.5 



No 



No 



No 



No 



No 



No 



No 



No 



No 



No 



10000 



12.6 



10000 



12.4 



70000 



12.3 



70000 



12.2 



50000 



12.6 



50000 



12.4 



50000 



12.3 



50000 



12.3 



40000 



12.5 



40000 



12.3 



> 100000 



11.0 
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was 10000 or more, which ensured that the sample was sufficiently used as the information recording medium for an 
audio-visual recorder. Furthermore, all the samples showed Pp < 14 mW which means good recording sensitivity. From 
this result, it was found that, by mixing an oxide and a fluoride of a rare earth metal, even if the dielectric layer is formed 
in contact with the recording layer, the properties required for the information recording medium are ensured. 

s [0227] Comparing the comparative sample with Samples No. 3-1 to 3-24, in the comparative sample, 100000 or 
more times overwrite cycles was achieved and high recording sensitivity, that is. Pp=11 mW was realized. Considering 
that the information recording medium may be used as an external memory of a computer, it is desired that 100000 or 
more times overwrite cycles is achieved. Then, in order to realize the performance equal to or higher than the com- 
parative sample (i.e. the prior art information recording medium), the use of a material obtained by mixing a plurality 

io of oxides and a fluoride was attempted. 

(Example 4) 

[0228] In Example 4. as to Zr0 2 - La F 3 -mixtu re-based material, a composition range suitable for forming the dielectric 
*s layer was determined. Specifically, seven samples, which each had a constitution similar to the information recording 
medium 27 described in Embodiment 3 with reference to Figure 3. were produced, while varying the content ratios of 
the two compounds in the material for a second dielectric layer 6. Hereafter, the producing method of the information 
recording medium 27 is explained. 

[0229] Firstly, a substrate 1 which was the same as that used in Example 1 was prepared. On this substrate 1 , a first 
20 dielectric layer 102 of 150 nm thickness, a first interface layer 103 of 5 nm thickness, a recording layer 4 of 9 nm 
thickness, the second dielectric layer 6 of 50 nm thickness, an optical compensation layer 7 of 40 nm thickness, and 
a reflective layer 8 of 80 nm thickness were formed in this order by a sputtering method as follows. 
[0230] The first dielectric layer 1 02 was formed from (ZnS) 80 (Si0 2 ) 2 o ( mo1 % ) in tne same manner as the first dielectric 
layer 102 of the information recording medium 31 (comparative sample) as described above in Example 1 . The first 
25 interface layer 1 03 was formed in the same manner as the first interface layer 1 03 of the information recording medium 
31 (comparative sample) as described above in Example 1 so that a Ge-Cr-N layer was formed. The recording layer 
4 was formed in the same manner as in Example 1 , and therefore, its composition was Ge 27 Sn 8 Sb 12 Te 53 (atomic %)'. 
[0231] «The second dielectric layer 6 was formed by conducting a high frequency sputtering in an Ar gas atmosphere 
under a pressure of 0.1 3 Pa with a sputtering target (a diameter of 1 00 mm and a thickness of 6 mm) made of a material 
30 shown in Table 6, respectively. The sputtering power was 500 W in Sample No. 4-1 , and 400 W in Sample Nos. 4-2 to 4-7. 
[0232] • -The optical compensation 7 and the reflective layer 8 were formed in the same manner as those of the infor- 
mation recording medium 25 described in Examplel . 

[0233] For the purpose of comparison, an information recording medium 31 which was the same as that produced 
in Example 1 was produced as a comparative sample. With respect to each sample, adhesiveness of the dielectric 
35 layers and overwrite cycle-ability of the information recording medium were evaluated. The results are shown in Table 
6. The method for evaluating adhesiveness and overwrite cycle-ability are as described above. However, in this ex- 
ample, the evaluation of adhesiveness was conducted by investigating whether delamination occurred between the 
recording layer 4 and the second dielectric layer 6 adjacent to it. 

40 Table 6 



Sample No. 


Second Dielectric 
Layers 


Evaluation 


Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp 
(mW) 


4-1 


Zr0 2 


Occured in whole 
area 


> 100000 


13.0 


4-2 


(Zr0 2 ) 95 (LaF 3 ) 5 


Occurd only at the 
periphery. Not 
ocurred in the 
center area. 


> 100000 


12.8 


4-3 


(ZrO 2 ) 90 (LaF 3 ) 10 


No 


> 100000 


12.6 


4-4 


(ZrO 2 ) 80 (LaF 3 ) 20 


No 


100000 


12.5 


4-5 


(ZrO 2 ) 70 (LaF 3 ) 30 


No 


90000 


12.3 


4-6 


(ZrO 2 ) 60 {LaF 3 ) 40 


No 


70000 


12.1 
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Sample No. 

4-7 


Second Dielectric 
Layers 


,QW,c w ^ununuea; 

Evaluation 


Material 
(ZrO 2 ) 50 (LaF 3 ) 50 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp 
(mW) 


Comparative 
Sample 


(ZnS) 80 (SiO 2 ) 20 
(Prior Art) 


No 
No 


50000 
I > 100000 


12.0 
11.0 



ra„o of LaF 3 was larger), the number of overwrite cycles Z sn^^^lSL h 2 "7 the 
recording sensitivity tended to be better From the result ZtT^Z I . P L be Smaller ' and ther efor e! the 

the overwrite cycle-abi.ity and the reco dingTensitZ^ 2? % that considerin 9 th * balance between 

ering the adhesiveness, the ratio of ^ff S2f£ nSi IS " " % " ^ C ° nSid " 

(Example 5) 

Efrr^rfa,:^" 

selected from the group GL. Specific^ sWiaJvTo eL™ Z f h, ° X ' d f ^ UFa 33 3 f,UOride of the ele ™"t 
«o the information recording mLum 25 s 2J ^ J F l r e 7 were SS^Tti ^ "* ^ 8 C ° nStitUti ° n Sim " ar 
for a first dielectric layer 2 and a second dieTertric (aver I ' Tth? , ' Tl * ,hree -^^P°nent material 

dielectric layer 6 in each sample were made ofa rSeriai halo th^am ,ayer 2 and ,he second 

employed is tha, i, has a high melting point and ! L22J1 ?S C0 "W- ™e reason why LaF 3 was 

which was similar to the information re^oTdTna meS.um k k 7Tn * ref ° re < of the samples had a constitution 
substrate used in Example 1 . A record n^C 4 ^ Zcaf/ol "\ * SUbStrate 1 WaS the same as 

in the same manner as in Example i S^'^S 

=et^^^ 
recorlgmedTu™^ 

overwrite cycle-ability are as described fir i Example , ^ ? ' ^ meth ° d f0r eValuatin 9 adhesiveness and 





Table 7 


Sample No. 


First and Second 
Dielectric Layers 


Evaluation 




Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


5-1 


(ZrO^CrsO^ 


No 


> 100000 


12.3 


5-2 


(SiO^Cr^^ 
(LaF 3 ) 30 


No 


> 100000 


12.3 


5-3 


(HfO 2 ) 4o (Cr 2 O 3 ) 30 
(LaF 3 ) 30 


No 


> 100000 


12.2 


5-4 


("no^cr^o 

(LaF 3 ) 30 


No 


80000 


13.5 


5-5 


(ZrO 2 ) 30 (SiO 2 ) 10 
(Cr 2 O 3 ) 30 (LaF 3 ) 30 


No 


> 100000 


10.8 
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Table 7 (continued) 



Sample No. 


First and Second 
niplpntric Lavers 


Evaluation 


Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


5-6 


(HfO 2 ) 30 (SiO 2 ) 10 
(Cr 2 O 3 )3 0 (LaF 3 )3 0 


No 


> 100000 


10.9 


5-7 


(TiO 2 )3 0 (SiO2) 10 
(Cr 2 O 3 )3 0 (LaF 3 )3 0 


No 


80000 


12.1 


5-8 


(TagOsJaotSiO^^ 
(Cr 2 O 3 ) 30 (LaF 3 ) 30 


No 


60000 


11.1 


Comparative Sample 


(ZnS) 80 (SiO 2 )2o (Prior 
Art) 


No 


> 100000 


11.0 



10 



20 



25 



30 



35 



50 



[0238] As shown in Table 7, more than 100000 times overwrite cycles and Rp < 14 were obtained in the samples 
wherein Zr0 2 -Cr 2 0 3 -LaF 3 -mixtu re-system (Sample No. 5-1), Si0 2 -Cr 2 0 3 -LaF 3 -mixtu re-system (Sample No. 5-2), 
Hf0 2 -Cr 2 0 3 -LaF 3 -mixtu re-system (Sample No. 5-3), Zr0 2 -Si0 2 -Cr 2 0 3 -LaF 3 -mixtu re-system (Sample No. 5-5), and 
Hf0 2 -Si0 2 -Cr 2 0 3 - La F 3 -mixtu re- system (Sample No. 5-6) were used respectively. Particularly, each sample wherein 
the system containing Si0 2 was used had a lower Rp, and therefore showed higher recording sensitivity. That is, by 
forming the dielectric layer from these mixture systems in contact with the recording layer so as to constitute the infor- 
mation recording medium, it was possible to realize, in the constitution without the first and the second interface layers 
(i.e. the constitution of less layers), the performance equivalent to the prior art constitution having the interface layers. 
[0239] Although as to Samples Nos. 5-4 and 5-7 in which Ti0 2 -Cr 2 0 3 -LaF 3 -mixtu re-system and Ti0 2 -Si0 2 -Cr 2 0 3 - 
LaF 3 -mixtu re-system were used respectively, the number of overwrite cycles was less than 100000, these samples 
showed-more excellent overwrite cycle-ability than that of Sample No. 2-4 shown in Table 2. Sample No. 5-7 in which 
T10 2 -Si0 2 -Cr 2 0 3 -LaF 3 -mixture-system was used showed the overwrite cycle-ability equal to that of Sample No. 5-4, 
and a lower Pp which means higher recording sensitivity than Sample No. 5-4. From these results of Table 7, it was 
found that the addition of Cr 2 0 3 contributes to the improvement of the overwrite cycle-ability, and the addition of Si0 2 
contributes to the improvement of the recording sensitivity. 

(Example 6) 

[0240] In Example 6, as to Zr0 2 -Cr 2 0 3 - La F 3 - mixture-based material, a composition range suitable for forming the 
dielectric layer was determined. Specifically, similarly to Example 4, twelve samples, which each had a constitution 
similar to the information recording medium 27 as shown in Figure 3, were produced, while varying the content ratios 
of the three compounds in the material for a second dielectric layer 6. 

[0241] Each sample of this example was produced in the same manner as in Example 4 except that the second 
dielectric layer 6 was made of the material shown in Table 8. Therefore, each of the samples has a constitution which 
was similar to the information recording medium 27 shown in Figure 3. A substrate 1 was the same as the substrate 
used in Example 1 . A first dielectric layer 102, a first interface layer 103, a recording layer 4, an optical compensation 
layer 7 and a reflective layer 8 were formed in the same manner as in Example 4. The second dielectric layer 6 was 
formed by conducting a high frequency sputtering under a pressure of 0.1 3 Pa with a sputtering target (a diameter of 
100 mm, a thickness of 6 mm) made of a material shown in Table 8, respectively. As to all the samples, in the process 
of forming the dielectric layer, the sputtering was conducted in an Ar gas atmosphere using a 400 W power. 
[0242] With respect to each sample, adhesiveness of the dielectric layers and overwrite cycle-ability of the information 
recording medium were evaluated. The results are shown in Table 8. The method for evaluating adhesiveness and 
overwrite cycle-ability are as described above in connection with Example 4. 
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Sample No. 


First and Second 
Dielectric Layers 


Evaluation 


Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


6-1 


(ZrO 2 ) 8 5(Cr 2 O 3 ) 10 
(LaF 3 ) s 


No 


> 1 00000 


13.0 


6-2 


(ZrOjWCroO-Oso 
(LaF 3 ) s 


No 


£ 1 00000 


13.6 


6-3 


(2rO z ) 80 (Cr 2 O 3 ) 10 
(LaF 3 ) 10 


No 


> 100000 


12.4 


6-4 


(2r0 2 ) 30 (Cr 2 O3) B0 
(LaF 3 ) 10 


No 


> 100000 


13.0 


6-5 


(ZrO 2 ) 70 (Cr,O,) ln 
(LaF 3 ) 20 


No 


£ 1 00000 


12.2 


6-6 


(Zr0 2 )2D(Cr P Oo) Rn 
(LaF 3 ) 20 


No 


100000 


12.8 


6-7 


(Zr0 2 ) 6D (Cr 2 0,) ln 
(LaF 3 ) 30 


No 


> 100000 


12.0 


6-8 


(Zr0 2 ) 10 (Cn>Oo) R n 
(LaF 3 ) 30 


INO 


90000 


12.6 


6-9 


(ZrO 2 ) 50 (Cr 2 O 3 ) 10 
(LaF 3 ) 40 


No 


> 100000 


11.7 


6-10 


(ZrO 2 ) 10 (Cr 2 O 3 ) 50 j 
(LaFa)^ 


No 


70000 


12.2 


6-11 


(ZrO 2 ) 40 (Cr 2 O 3 ) 10 
(LaF 3 ) 50 


No 


£ 100000 


11.4 


6-12 


(2^2)10(^203)40 
(LaF 3 ) 50 


No 


50000 


11.8 


Comparative Sample 


(ZnS^ofSiO^^ (Prior 
Art) 


No 


> 100000 


11.0 



Z Cr O e Jn ifT t < f ' I COn " rmed tHat delamination did "° l ocoor and good adhesiveness was ensured 
nllf* , x L ° f LaFa WaS Sma " As the total of the ra,ios of Zr °2 a " d Cr 2 0 3 was smaller (that is the ratio 
the^MH T } ' P f P J e ; ded ,0 be Sma "' and theref0re ' the recordi "9 sef1si « vit V tended to be better FurtheJ when 

indent L ZZ IS a : d h r f 3 : a f ,he same - as the ratio of or *°* was ,ar ^- the ™^ of o^STSS 

Le^wSntn^ 

. cycle-ab,l,ty and the recording sensitivity, the total of the ratios of Zr0 2 and Cr 2 0, is preferably 
50 mol % or more. Further, it was found that each of the ratios of Zr0 2 and Cr 2 G 3 is preferably 1 0 mol % or mire ^ 

(Example 7) 



. ? • °f Zr0 2- Si °2- Cr 2°3-'-aF 3 -mixture-based material, a composition range suitable for forming 
2m2r ST T W f S detemiined ' Specifically, similarly to Example 1, six samp.es, which each had a consZ on 
*m lar to the mforniat-on recording medium 25 shown in Figure 1 , were produced, while varying the content rattos of 

E ft U t r H C r P ,° UndS T T°™ f ° r 3 " rSt dieleCtnC ' ayer 2 and a second dielact ^«= 'ay-re. A|«, in t^ examole 
common diel6CtriC laVCr 6 6aCh Samp,e were made ° f a ™ terial h --g Se 

™h -2?* Sa r P ' e °' MS eXamP ' e W3S pr ° dUCed tne same manner as in Exam P'e 1 «cept that the first and the 
second d,electr,c layers were made of the material shown In Table 9. Therefore, each of the samples had a constrtutton 
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which was similar to the information recording medium 25 shown in Figure 1. A substrate 1 was the same as the 
substrate used in Example 1 . A recording layer 4, an optical compensation layer 7 and a reflective layer 8 were formed 
in the same manner as in Example 1 . The first dielectric layer 2 and the second dielectric layer 6 were formed by 
conducting a high frequency sputtering under a pressure of 0.13 Pa with a sputtering target (a diameter of 1 00 mm, a 

5 thickness of 6 mm) made of a material shown in Table 9, respectively. As to all the samples, in the process of forming 
the dielectric layer, the sputtering was conducted in an Ar gas atmosphere using a 400 W power. 
[0246] With respect to each sample, adhesiveness of the dielectric layers and overwrite cycle-ability of the information 
recording medium were evaluated. The results are shown in Table 9. The method for evaluating adhesiveness and 
overwrite cycle-ability are as described in Example 1 . The evaluation result of Sample No. 5-5 is shown again in Table 

10 9 since the result was used for determining the composition range. 



Table 9 



20 



30 



oampie rsio. 


First and Second 
Dielectric Layers 


Evaluation 


KA ratoria I 
IVIalfcM lei I 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


7-1 


(ZrO 2 ) 20 (SiO 2 ) 10 
(Cr 2 03) 2 o(LaF 3 ) 50 


No 


> 100000 


10.0 


7-2 


(Zr0 2 ) 2 o(Si0 2 )2o 
(Cr 2 O 3 ) 10 (LaF 3 ) 50 


No 


> 100000 


9.8 


7-3 


(ZrO 2 ) 20 (SiO 2 ) 10 
(Cr 2 O3) 60 (LaF 3 ) 10 


No 


> 100000 


12.5 


7-4 


(ZrO 2 ) 20 (SiO 2 )50 
(Cr 2 O 3 ) 20 (LaF 3 ) 10 


No 


£100000 


10.5 


7-5 


(ZrO 2 ) 50 (SiO 2 ) 10 
(Cr 2 O 3 ) 10 (LaF 3 ) 30 


No 


> 100000 


10.8 


7-6 


(ZrO 2 ) 70 (SiO 2 ) 10 
(Cr 2 O 3 ) 10 (LaF 3 ) 10 


No 


> 100000 


11.2 


5-5 


(ZrO 2 ) 30 (SiO 2 ) 10 
(Cr 2 O 3 ) 30 (LaF 3 ) 30 


No 


> 100000 


10.8 


Comparative Sample 


(ZnS) 80 (SiO 2 )20 (Prior 
Art) 


No 


> 100000 


11.0 



[0247] As shown in Table 9, it was confirmed that when the material was expressed with the formula (4), i.e. (D)x 
(SiO 2 ) Y (Cr 2 O 3 ) z (LaF 3 ) 10O . x . Y . 2 (mol %) and D was Zr0 2 , and X, Y and Z satisfied 20 <, X <, 70, 1 0 < Y < 50, 1 0 <. Z <, 
60, and 50 < X+Y+Z < 90, good adhesiveness, good overwrite cycle-ability (100000 or more times overwrite cycles), 
and good recording sensitivity of Pp < 14 mW were achieved in the information recording medium 25. Further, com- 
position dependence was found. Specifically, in the case of the material in which the ratio of Cr 2 0 3 was large, recording 
sensitivity is somewhat lowered, whereas in the case of the material in which the ratio of LaF 3 is large, the recording 
sensitivity becomes higher. 

(Example 8) 

[0248] In Example 8, as to Hf0 2 -Si0 2 -Cr 2 0 3 -La F 3 -mixtu re-based material, a composition range suitable for forming 
the dielectric layer was determined. Specifically, similarly to Example 1, six samples, which each had a constitution 
similar to the information recording medium 25 shown in Figure 1 , were produced, while varying the content ratios of 
the four compounds in the material for a first dielectric layer 2 and a second dielectric layer 6. Also in this example, 
the first dielectric layer 2 and the second dielectric layer 6 in each sample were made of a material having the same 
composition. 

[0249] Each sample of this example was produced in the same manner as in Example 1 except that the first and the 
second dielectric layers were made of the material shown in Table 10. Therefore, each of the samples had a constitution 
which was similar to the information recording medium 25 shown in Figure 1 . A substrate 1 was the same as the 
substrate used in Example 1 . A recording layer 4, an optical compensation layer 7 and a reflective layer 8 were formed 
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Sample No. 


First and Second 
Dielectric Layers 


Evaluation 


Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


8-1 


( c r 2 03) 2 o(LaF 3 ) 50 


No 


> 100000 


10.1 


8-2 


(HfO 2 ) 20 (SiO 2 ) 20 
(Cr 2 O 3 ) 10 (LaF 3 ) 50 


No 


£ 100000 


9.9 


8-3 


(HfO 2 ) 20 (SiO 2 ) 10 
(Cr 2 O 3 ) 60 (LaF 3 ) 10 


No 


> 100000 


12.5 


8-4 


(HfO 2 ) 20 (SiO 2 ) 50 
(Cr 2 O 3 ) 20 (LaF 3 ) 10 


No 


> 100000 


10.6 


8-5 


(Hfo^sicy™ 

(Cr 2 O 3 ) 10 (LaF 3 ) 30 


No 


£ 100000 


10.9 


8-6 


(HfO 2 ) 70 (SiO 2 ) 10 
(Cr 2 O 3 ) 10 (LaF 3 ) 10 [ 


No 


> 100000 


11.3 


5-6 


(HfO 2 ) 30 (SiO 2 ) 10 
( Cr 2 O3)30(LaF 3 ) 30 


No 


> 100000 


10.9 


Comparative Sample 


(ZnSJaotSiO^^ (Prior 
Art) 


No 


^ 100000 


11.0 



(Example 9) 

mmwmwmm 

[0254] Wrthrespecttoeachsan^adhesfcene^^ 
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recording medium were evaluated. The results are shown in Table 11. The method for evaluating adhesiveness and 
overwrite cycle-ability are as described in Example 1 . The evaluation result of Sample No. 5-8 is shown again in Table 
11 since the result was used for determining the composition range. 



Table 11 



Sample No. 


First and Second 
Dielectric Layers 


Evaluation ; 


Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


9-1 


( Ta 2°5)20( SiO 2)l0 

(Cr 2 O 3 ) 20 (LaF 3 ) 50 


No 


10000 


10.3 


9-2 


( Ta 2°5)20< SiO 2)20 

(Cr 2 O3) 10 (LaF 3 ) 50 


No 


10000 


10.1 


9-3 


(Ta^O 5 ) 20 (SiO 2 ) lo 
(Cr 2 O 3 ) 60 (LaF 3 ) 1o 


No 


20000 


12.8 


9-4 


(Ta 2 O 5 ) 20 (SiO 2 ) 5O 
(Cr 2 O 3 ) 20 (LaF 3 ) 10 


No 


> 100000 


10.8 


9-5 


(Ta 2 O 5 ) 50 (SiO 2 ) 10 
(Cr 2 O 3 ) 10 (LaF 3 ) 30 


No 


40000 


11.1 


9-6 


(Ta2°5)7o( Si °2)io 
(Cr 2 O 3 ) 10 (LaF 3 ) 10 


No 


20000 


11.5 


5-8 


(13205)30(5(02) 10 
(Cr 2 O 3 ) 30 (LaF 3 ) 30 


No 


60000 


11.1 


Comparative Sample 


(ZnS) 80 (SiO 2 )20 (Prior 
Art) 


No 


> 100000 


11.0 



[0255] As shown in Table 11 , it was confirmed that when the material was expressed with the formula (4), i.e. (D) x 
(SiO 2 ) Y (Cr 2 O 3 ) z (LaF 3 ) 10O _ x _ Y . 2 (mol %) and D was Ta 2 0 5> and X, Y and Z satisfied 20 < X ^ 70, 1 0 < Y < 50, 1 0 < Z < 
60, and 50 < X+Y+Z < 90 : good adhesiveness and good recording sensitivity of Pp < 14 mW were achieved in the 
information recording medium 25. Compared with the samples of Examples 7 and B, each of Samples Nos. 9-1 , 2, 3, 
5 and 6 showed a smaller overwrite cycles. However, these samples were practicable as an information recording 
medium for particular use (for example, an audio-visual recorder). 

(Example 10) 

[0256] In Example 10, as to ZrSi0 4 -Cr 2 0 3 -LaF 3 -mixture-based material, a composition range suitable for forming 
the dielectric layer was determined. Specifically, similarly to Example 1 , seven samples, which each had a constitution 
similar to the information recording medium 25 shown in Figure 1 , were produced, while varying the content ratios of 
the three compounds in the material for a first dielectric layer 2 and a second dielectric layer 6. Also in this example, 
the first dielectric layer 2 and the second dielectric layer 6 in each sample were made of a material having the same 
composition. 

[0257] Each sample of this example was produced in the same manner as in Example 1 except that the first and the 
second dielectric layers were made of the material shown in Table 12. Therefore, each of the samples had a constitution 
which was similar to the information recording medium 25 shown in Figure 1. A substrate 1 was the same as the 
substrate used in Example 1 . A recording layer 4, an optical compensation layer 7 and a reflective layer 8 were formed 
in the same manner as in Example 1. The first dielectric layer 2 and the second dielectric layer 6 were formed by 
conducting a high frequency sputtering under a pressure of 0.13 Pa with a sputtering target (a diameter of 100 mm, a 
thickness of 6 mm) made of a material shown in Table 12, respectively. As to ail the samples, in the process of forming 
the dielectric layer, the sputtering was conducted in an Ar gas atmosphere using a 400 W power. 
[0258] With respect to each sample, adhesiveness of the dielectric layers and overwrite cycle-ability of the information 
recording medium were evaluated. The results are shown in Table 12. The method for evaluating adhesiveness and 
overwrite cycle-ability are as described in Example 1 . 
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Sample No. 


First and Second 
Dielectric Layers 


Evaluation 


Material 


Delamination 


Number of Overwrite 
Cycles 


Peak Power Pp (mW) 


10-1 


(ZrSiC^WC^Oa)™ 
(LaF 3 ) 50 


No 


> 100000 


9.8 


10-2 


(ZrSiO 4 ) 50 (Cr 2 O a ) qn 


No 


£ 100000 


10.5 


10-3 


(ZrSI0 4 ) SD (Cro0 3 )pn 
(LaF 3 ) 30 


INO 


> 1 00000 


11.0 


10-4 


(ZrSiO 4 ) 70 (Cr 2 O 3 ) 20 
(LaF 3 ) 10 


No 


> 100000 


12.0 


10-5 


(ZrSiO 4 ) 70 (Cr 2 O 3 ) 10 
(LaF 3 ) 20 


No 


2> 100000 


10.5 


10-6 


(ZrSiO 4 ) 20 (Cr 2 O 3 ) 50 
(LaF 3 ) 30 


No 


> 100000 


12.7 


10-7 


(ZrSiO 4 ) 20 (Cr 2 O 3 ) 40 
(LaF 3 ) 40 


No 


> 100000 


12.3 


Comparative Sample 


(ZnS) 80 (SiO 2 ) 20 (Prior 
Art) 


No 


£ 100000 


11.0 



zSS \ rcr O w. r f V T" C ° nfirmed tHat Whe " the material Was «Wsed with the formula (5), i.e. 
(ZrS !04) A (Cr 2 0 3 ) B ( LaF 3 ) 100 . A . B (mol %) and A and B satisfy 20 £ A < 70, 10 S B < 50, and 50 < A+B < 90 aood 

Xwf T™T < 1 00000 ° r ™ re overwrite cycles), and good recording sensitiv?,y of 

sLci il^H 3 7I d ,nformation recordi "9 ™ d <^ 25- Further, composition dependence was found 

^r ,k materia ' ' n Wh ' Ch thS rat '° ° f ° r2 ° 3 W3S ,arge ' reCOrdin 9 sensitivity's somewhat lowered 
whereas ,n the case of the matenal in which the ratio of LaF 3 is large, the recording sensitivity becomes higher. 

(Example 11) 

SoTLJunSTr 6 11 ' 1 land - groove recordin 9 was ^"ducted in the information recording medium of Sample No 
cvcfes T s to !^h ? ' an , Q ° VerWrite °y c,e - abili, y was ™^<* * determining the number of overwrite 
£ 7 h ° f T° Ve T 0 9 and ' and reCOrdin9 in accordan « with the method described in connection with 
Example 1. The results are shown in Table 1 3 together with the peak power (Pp) and the bias power (Pb) which we e 

the inTol t UP ° n eV T 6 °" °, f ° VerWrite ** comparison, the same evaluation was conduld Zl 

the .nformahon recording medium 31 as shown Figure 10, which was the same as that produced in Example 1 



Sample No. 


Delamination 


Groove Recording 


Land Recording 


Number of 
Overwrite Cycles 


Power (mW) 


Number of 
Overwrite Cycles 


Power (mW) 








Pp 


Pb 




Pp 


Pb 


10-2 


No 


> 100000 


10.5 


4.8 


> 100000 


10.8 


5.0 


Comparative 
Sample 


' No 


> 100000 


11.0 


5.0 


> 100000 


11.3 


5.2 



ESSi = t S K°r 7 ' thS ° VerWrite °y cle - abili, y ° f Sa ™P'e No- 1 0-2 was the same as that of the comparative 

sample as to both of groove recording and land recording. Further, Pp of Sample No. 10-2 was lower than that of the 
comparative sample, whteh means that Sample No. 10-2 showed higher recording sensitfcity ha e compamt le 
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sample. Therefore, it was confirmed that the information recording medium of the present invention is useful as an 
information recording medium used for land-groove recording. 

[0262] As shown in the above, the layer containing a mixture which is expressed with, for example, (ZrSiO 4 ) 50 
(Cr 2 O3)3 0 (LaF 3 )20 (mol %) can be formed in contact with the recording layer, since the material is free of S. Further, 
the information recording medium 25 as shown in Figure 1 wherein the first dielectric layer 2 and the second dielectric 
layer 6 are the oxide-fluoride-based material layer has good performance equal to or higher than that of the information 
recording medium 31 as shown in Figure 10 which includes the first and the second interface layers 1 03 and 1 05. This 
is apparent from the results of Examples 3 to 11. In other words, from the above examples, it was confirmed that 
according to the present invention, an information recording medium whose performance is comparable to that of the 
prior art information recording medium can be obtained even if the number of layers is reduced. 

(Example 12) 

[0263] In Example 12, an information recording medium (Sample No. 12-1) which had a constitution similar to the 
information recording medium 26 described in Embodiment 2 with reference to Figure 2 was produced. In this recording 
medium, only a first dielectric layer 2 was an oxide-fluoride-based material layer Hereafter, the producing method of 
the information recording medium 26 is explained. 

[0264] Firstly, a substrate 1 which was the same as that used in Example 1 was prepared. On this substrate 1 , a first 
dielectric layer 2 of 150 nm thickness, a recording layer 4 of 9 nm thickness, a second interface layer 105 of 3 nm 
thickness, the second dielectric layer 1 06 of 50 nm thickness, an optical compensation layer 7 of 40 nm thickness, and 
a reflective layer 8 of BO nm thickness were formed into films in this order by a sputtering method as follows. 
[0265] In a process for forming the first dielectric layer 2, a sputtering target (a diameter of 100 mm, a thickness of 
6 mm) made of a material having a composition of (ZrSiO 4 )3 0 (Cr 2 O3) 40 (LaF 3 )3 0 (mol %) was attached to a film-forming 
device, and then, a high frequency sputtering was carried out in an Ar gas atmosphere under a pressure of 0.13 Pa. 
The power was 400 W. 

[0266] The recording layer 4 was produced in the same manner as in Example 1 . Therefore, the composition thereof 
was Ge 27 Sn 8 Sb 12 Te 53 (atomic %). 

[0267] The second interface layer 105 was formed in the same manner as the first interface layer 103 of the infor- 
mation recording medium 31 (comparative sample) described in Example 1 . The second dielectric layer 106 was formed 
from (ZnS) 80 (Si02)2o( mo1 % ) in tne same manner as the first dielectric layer 102 of the information recording medium 
31 (comparative sample) described above. The optical compensation layer 7 and the reflective layer 8 were formed in 
the same manner as those of the information recording medium 25 which were described in Example 1 . 
[0268] For comparison, an information recording medium 31 which was the same as that produced in Example 1 
was produced as a comparative sample. The adhesiveness of the first dielectric layer 2 in each sample was evaluated 
under the same conditions as Example 1 . Groove recording and Land recording were carried out in each sample, and 
each sample was evaluated by determining the number of overwrite cycles as to the groove recording and the land 
recording. The results of the evaluation are shown in Table 14. 



Table 14 



Sample No. 


Delamination 


Groove 


Recording 


Land Recording 


Number of 
Overwrite Cycles 


Power (mW) 


Number of 
Overwrite Cycles 


Power (mW) 








Pp 


Pb 




Pp 


Pb 


12-1 


No 


2> 100000 


11.3 


5.1 


^ 100000 


11.5 


5.3 


Comparative 
Sample 


No 


> 100000 


11.0 


5.0 


> 100000 


11.3 


5.2 



[0269] As shown in Table 14, the information recording medium 26 of six-layer constitution in which only the first 
dielectric layer 2 was the oxide-fluoride-based material layer realized adhesiveness, overwrite cycle-ability, a peak 
power and a bias power which were substantially equal to those of the information recording medium 31 of seven-layer 
constitution. (ZrSi0 4 )3 0 (Cr 2 03) 4 o(LaF 3 )3 0 (mol %) is an example of the compositions of the layers which can constitute 
the information recording medium 26. All the information recording mediums 26 which were produced by using 
ZrSi0 4 -Cr 2 0 3 -LaF 3 -mixtu re-based material employed in Example 10 showed good performance. The same was the 
case with the materials employed in other examples. 
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(Example 13) 



Eation^ No. 13-D which had a conation simi.ar to the 

diameter of 100 mm, a thickness of 6 mm) made of a !S ' e ' eCtriC 6 ' 3 Sputterin 9 tar 9 et < a 

(mol %) was attached to a film-fo Jng^ivte and thTn a lah ^1°°^°? ^ °' (ZrSi0 ^o(Cr 2 0 3 ) 20 (LaF3)3o 
atmosphere under a pressure of 0.13 P^. The power wL 400 W " * SP ° Ut an Ar 9 as 

wilLuLTa^mpa^ 3 f 1 » hich - *• -me as that produced in Examp.e 1 

uated under the same £!S!^Zb^TSS^L 6 eaCh Sample was ava '" 

carrying out groove recording and ItaSZSrtlJ Tear* ° f each samp,e was evaluat ^ by 

to the groove recording and " h ten Tre^Z^lJ? ^'t ^ de,emiinin 9 the "^ber of overwrite cycles as 
of the eva.uation are shown SVE 5 " C ° rdanCe "* me,h ° d 93 deSCribed in Exar "P'* 1 • The" results 



Sample No. 



Delamination 



13-1 



Comparative 



No 



No 



Table 15 



Groove Recording 



Number of Overwrite 
Cycles 



> 100000 



> 1 00000 



Power (mW) 



Pp 



10.5 



11.0 



Pb 

4.8 



5.0 



Land Recording 



Number of Overwrite 
Cycles 



> 100000 



> 100000 



Power (mW) 



Pp 



10.8 



11.3 



Pb 



5.0 



5.2 



and a bias power which weret*^ 

stitution. (ZrSiO^WCroO.,!., ILaF i . ,n,omiatlon recording medium 31 of seven-layer con- 

^W^-m^^ Were P- d - a ^ «V using 

case with the materials employed in other examples. 9 perforTT,ance - ™» same was the 

(Example 14) 

KLon^ No - had a constitution similar to the 
medium, a first and a second dteS laSen, ^ 

cfucing method of the IrionnJ^^^ " ^ *• P- 

Sed rrsubS^ 9 8 ^ °< 120 ™" a " d a ^ness of 1 , mm wa S 

nm and a track pitch (i e a distance be^Z, ^ ' V P^ded on one side of the substrate with a depth of 21 
surface of the substrate) of 0 £> £ " ° f adja ° ent 9r00Ve SUrfaC6S 23 in a P ,ane P a ' a '«" to the principal 

Sdin°^ 

order by a sputtering methTd as foNows ^ 2 " 68 " m thickness were f0 ™^ '"*> films in this 

S EXamP ' e » ■ - P — - -ming the 

a composition of (ZrSiOJ m (Cr,0,) (iIf T irZ^l J thlckness of 6 mm > made of a material having 
sputtering was carried o^a^ 

d.electric layer 2 was formed in the same manner. P ressi "e of 0. 1 3 Pa. The power was 400 W. The first 

«e^^ ta r < a dia -ter of 100 mm. a thickness of S 
o U ,Thepowerwas100W.OuringthCtt^^^ 
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the device. The pressure during the sputtering was maintained at about 0.13 Pa, The composition of the recording 
layer 4 was Ge45Sb 4 Te 51 . 

[0279] After forming the first dielectric layer 2, an ultraviolet-curing resin was applied to the first dielectric layer 2. As 
a dummy substrate 110, a disc-shaped polycarbonate substrate of a diameter of 120 mm and a thickness of 90 urn 

5 was stuck on the applied ultraviolet-curing resin. Then, an ultraviolet ray was applied from the dummy substrate 110 
to cure the resin. Thereby, an adhesive layer 9 consisting of the cured resin with a thickness of 10 urn was formed 
while the dummy substrate 110 was laminated to the first dielectric layer 2 with the adhesive layer 9. 
[0280] After laminating the dummy substrate 110, an initialization process was carried out using a semiconductor 
laser with a wavelength of 670 nm. In the initialization process, the recording layer 4 in a substantially whole annular 

10 area ranging from 22 to 60 mm in a radial direction of the Information recording medium 28 was crystallized. When the 
initialization process was completed, the production of the information recording medium 28 (Sample No. 14-1) was 
finished. 

[0281] As a comparative sample, an information recording medium whose constitution is the same as that of the 
Information recording medium 28 except that it had the first and the second interface layers between the recording 

15 layer and the first and the second dielectric layers respectively, was produced (not shown). In this comparative sample, 
the first and second dielectric layers were formed from (ZnS) 80 (SiO 2 )20 ( mo ' These dielectric layers were formed 
in the same manner as the first dielectric layer 102 of the information recording medium 31 (comparative sample) 
described In Example 1 . Each of the first and the second interface layers was formed from Ge-Cr-N and had a thickness 
of 5 nm. These interface layers were formed in the same manner as the first interface layer 103 of the information 

20 recording medium 31 (comparative sample) described in Example 1 . The other layers were formed in the same manner 
as those of the information recording medium 28. 

[0282] The adhesiveness and the overwrite cycle -ability were evaluated as to each sample. The results are shown 
in Table 1 6. The method for evaluating the adhesiveness is as described in Example 1 . The overwrite cycle-ability was 
evaluated by a method which was different from that employed in Example 1 . That method is explained, in the following. 

25 [0283] The overwrite cycle-ability of the information recording medium 28 was evaluated by a system whose ar- 
rangement is the same as that of the system employed in Example 1 . Upon evaluating overwrite cycle-ability of the 
information recording medium 28, recording which was equivalent to a capacity of 23 GB was conducted using a 
semiconductor laser with a wavelength of 405 nm and an objective lens with a numerical aperture of 0.85. A linear 
velocity of rotation of the information recording medium 28 was set at 5 m/second. A spectrum analyzer was used for 

30 measurements of CNR (Carrier-to-Noise Ratio, i.e. a ratio of an amplitude of a signal to a noise) and an erase ratio. 
[0284] In order to determine a measurement condition for determining the number of overwrite cycles, a peak power 
(Pp) and a bias power (Pb) were determined according to the following procedure. The information recording medium 
28 was irradiated with a laser beam 12 while modulating its power between a peak power (mW) in a high power level 
and a bias power (mW) in a low power level to record a 2T signal with a mark length of 0.16 jim ten times on the same 

35 groove surface of the recording layer 4. CNR was measured after the 2T signal was recorded ten times. Such CNR 
was measured on each condition with the bias power being fixed at a certain value while the peak power during ten 
times-recording of the 2T signal was varied. A power that was 1 .2 times as large as a minimum peak power at which 
the amplitude of the signal was saturated was determined as Pp. 

[0285] Next, after the 2T signal was recorded ten times as described above, the recorded signal was reproduced 
40 and the amplitude of the 2T signal was measured. Further, a 9T signal was recorded one time on the same groove 
surface to overwrite it. Then, the recorded signal was reproduced and the amplitude of the 2T signal was measured, 
and the erase ratio was obtained as a decrement of the 2T signal on the basis of the amplitude measured after ten 
times -recording. This erase ratio defined as above was obtained on each condition with the peak power being fixed at 
Pp determined above while the bias power during ten times-recording of the 2T signal and at the time of one time- 
rs recording of the 9T signal was varied. The center value of the range of the bias power at which the erase ratio was not 
less than 25 dB was determined as Rb. Considering the upper limit of the laser power of the system, it is desirable to 
satisfy Pp < 6 mW and Pb < 3 mW. 

[0286] The number of overwrite cycles used as the index of overwrite cycle-ability was determined in this example 
based on CNR and the erase ratio. The information recording medium 28 was irradiated with the laser beam while 

so modulating Its power between Pp and Pb thus determined to continuously record a 2T signal in the same groove 
surface. After that, CNR was measured and an erase ratio was obtained. The erase ratio was obtained as a decrement 
of a 2T signal as described above. More specifically, the 2T signal was measured after recording the 2T signal prede- 
termined repetition times and after overwriting the 9T signal on it, and then the erase ratio was obtained as a decrement 
of the measured amplitude of the 2T signal after overwriting of the 9T signal on the basis of the measured amplitude 

55 of the 2T signal after recording of the predetermined repetition times. CNR and the erase ratio were measured when 
the repetition times s i.e. the number of overwrite cycles, was 1, 2, 3, 5, 10, 100, 200, 500, 1000, 2000, 3000, 5000, 
7000, and 10000 times. The limit of overwriting was defined when CNR dropped by 2 dB or when the erase ratio 
dropped by 5 dB, on the basis of CNR and the erase ratio measured when the number of overwrite cycles was ten. 
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Overwrite cycle-ability was evaluated based on the number of overwrite cycles at this limit Of course as the number 



Sample No. 


Delamination 


Groove Recording 


Number of Overwrite Cycles 


Power (mW) 








Pp 


Pb 


14-1 


No 


£ 10000 


5.0 


2.3 


Comparative Sample 


No 


> 10000 


5.0 


2.4 



[0287] The information recording medium 28 of Sample No. 14-1 of this example was different from the information 

ZSX^JIZ^^ in ,he ,0 T tion order of each layer on the substrate - *» ^ToSZ 

JIT,:?, J la f r t f nd the numer,cal a P erture ) and the wording capacity. The recording capacity of 
tt was confi^t r? T "T I ' han that °' the inf °™ ati °" ^cording medium 25 shown in Figure 1 . However 

JSSSTE O ' SfTT ° JT" rr" 068 ' eV6n " thG imerfaCe ' ayer Was not fo ™ ed . the — - *° 'aye 
to oht, n Z?, ? 2 3 ?° ( 3>2 ?. ( %) 83 ,he f,rSt diel6Ctri0 layer2 and the second dielectr « 'ayer 6 made it possible 
whSTad th« i , reC ° rd : n9 ^f Wh ° Se P erf0TO ance was equal to that of the information recording medium 
w« 5 ? » h y ! o the information recording medium 28 produced in this example, a measured Rc value 

was 20%, and a measured Ra value was 3% (at an unrelieved flat surface thereof) asureanc value 

„7h « f ^results were obtained when only one of the first dielectric layer 2 and the second dielectric laver 6 

Irt t U ° H 3Sed materia ' ' ayer ' * iS P0SSib ' e 10 r6dUCe at least one if,terf a<=e layer which was used 5 the p tor 

^ institution and ensure the performance which is equivalent to that of the prior art constitution Furthe since he 

do- T r? ria ' ' ayer emp, ° yed ' n the DreSeM invention does n °< ' «>"tBln S (sulfu the atom c dZ on 
Z^E^ST 18 ^ C ° ntaCt With thS reflSCtiVe layer 8 Containi "g ^ hereby, a four-layer consmution 

?, 0Ur !f V 3 ' ayer f ° r adjUStin9 ,hS " 9ht absorption in the recordi "9 ^er may be provided be^een he 
reflect^ layer 8 and the second dielectric layer 6. Such a layer is formed from one ore more materials seSed from 

DrTfembiv ZT1 « T"'' 3 semiconductor and a "'electric substance, and compounds thereof SucTa Z 
abou?405 m 3 ref ' eCt,Ve ' ndeX ° f 4 " l6SS and 3 eX,inCti °" coefficient * 4 or «o t^e light wtth a wavelength o 



(Example 15) 

hSL ,n EXa T' S 15 '! n information wording medium (Sample No. 15-1) which had a constitution similar to the 
m~af^ 

w^rt nTi'n! T m T x y * 3 f ° Urth d,e ' ectric ,aver 1 7 ' a second dielectric la Ver 6 and a first dielectric layer 2 
gained S materia ' *• Pr ° dUCing m6th ° d 0f the ,n " m *«™ ^ d <"9 medTuSfe 

[0290] Firstly, a substrate 101 which is the same as that used in Example 1 4 was prepared On this substrate 1 01 

ayerT 8° n o? " °hTT thi ° KneSS ' ^ ^ die ' eC,r ' C " 9 ° f 1 6 "Sickness thj fsLond 4 or^ 

h?! c « ?J "5 ^' and thS f ° Urth dielectric ^er 17 of 68 nm thickness were formed into films in this order 

?o,«, P tT 9 Thweby> 3 SeC ° nd in,orma tion layer 22 was formed on the substrate 1 01 

™ T f he f SeCOnd r f ,ective la y er 20 was f ° TO ed from an Ag-Pd-Cu alloy in the same manner as in Example 1 In 

ofaml^ 

In ? 9 3 Com P° sltion of (ZrSiO 4 ) 50 (Cr 2 O3)3 0 (LaF 3 ) 20 (mol %) was attached to a film-forming dTvTce and 

was 400 W Th eq r Uen ^, SP r tterin9 W3S Carri6d ° Ut in an Ar 938 atmosphere under a pressure o" 0 T Pa T^Tpower 
7n Z « fOUrth d ; e 'r tnC ' ayer 17 W3S f ° rmed the same manner The se cond recording layer 18 was formed 

Mw ZT"™ 38 EXamP ' e 4 US ' ng 3 SpUttering ,ar9et made of 3 Ge-Sb-Te-based materia. 
0292] Next an intermediate layer 16 of 30 nm thickness which had a guide groove was formed The intermediate 

Hit aCC ° rding 10 the f0 " 0Wing St6pS - RrS ^ an "'traviolet-curing resin wZpplied to Te^nd 

w~X°h f ? '"'I! °° a,ing A P° lycarbonate substra te which had on rts surface concaves and convexities 
Th P J^n h , °" aPP ' ied ultravi0| et-curing resin with the concavo-convex side in contact with tie resfn 

layerie. Then, an ultraviolet ray was applied from the polycamonate substrate side to cure the resin. The polycart,onate 
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substrate was removed from an intermediate layer 16. Thereby, the intermediate layer 16 consisted of the cured resin 
to which the guide groove was transferred, was formed. 

[0293] After forming the intermediate layer 1 6, an initialization process of the second information layer 22 was con- 
ducted. In the initialization process, a semiconductor laser with a wavelength of 670 nm was used and the second 

5 recording layer 1 8 in a substantially whole annular area ranging from 22 to 60 mm in a radial direction was crystallized. 
[0294] Next, on the intermediate layer 16, a third dielectric layer 15 of 15 nm thickness, a first reflective layer 14 of 
10 nm thickness, the second dielectric layer 6 of 12 nm thickness, a first recording layer 13 of 6 nm thickness, and the 
first dielectric layer 2 of 45 nm thickness were formed into films in this order by a sputtering method. Thereby, a first 
information layer 21 was formed. 

10 [0295] In a process for forming the third dielectric layer 15, a sputtering target (a diameter of 100 mm, a thickness 
of 6 mm) made of Ti0 2 was attached to a film-forming device, and then a high frequency sputtering was carried out 
under a pressure of about 0.13 Pa. The power was 400 W. During the sputtering, a mixed gas of Ar gas (97 %) and 
0 2 gas (3 %) was introduced in the device. 

[0296] The first reflective layer 14 was formed as an Ag-Pd-Cu alloy layer in the same manner as the second reflective 
is layer 20. The second dielectric layer 6 was formed from (ZrSiO 4 ) 50 (Cr 2 O3)3 0 (LaF3) 20 (mol%) in the same manner as 
the fifth dielectric layer 19. The first dielectric layer 2 was formed in the same manner. Therefore, in this example, the 
fifth, fourth, second and first dielectric layers 19, 1 7, 6 and 2 had the same composition. 

[0297] In a process for forming the first recording layer 13, a sputtering target (a diameter of 100 mm, a thickness 
of 6 mm) made of a Ge-Sn-Sb-Te-based material was attached to the film-forming device, and then a DC sputtering 

20 was carried out. The power was 50 W. During the sputtering, Ar gas (1 00 %) was introduced. The pressure during the 
sputtering was maintained at about 0.13 Pa. The composition of the recording layer was Ge 40 Sn s Sb 4 Te 51 (atmoic %). 
[0298] After forming the first dielectric layer 2, an ultraviolet-curing resin was applied to the first dielectric layer 2. As 
a dummy substrate 110, a disc-shaped polycarbonate substrate of a diameter of 120 mm and a thickness of 65 \xm 
was stuck on the applied ultraviolet-curing resin. Then, an ultraviolet ray was applied from the dummy substrate 110 

25 side to cure the resin. Thereby, an adhesive layer 9 consisting of the cured resin with a thickness of 1 0 urn was formed 
while the dummy substrate 110 was laminated to the first dielectric layer 2 with the adhesive layer 9. 
[0299] After laminating the dummy substrate 110. an initialization process of the first information layer 21 was carried 
out using a semiconductor laser with a wavelength of 670 nm. In the initialization process, the first recording layer 13 
in a substantially whole annular area ranging from 22 to 60 mm In a radial direction was crystallized. When the initial- 

30 ization process was completed, the production of the information recording medium (Sample No. 15-1) was finished. 
[0300] - With respect to each of the first information layer 21 and the second information layer 22 of Sample No. 1 5-1 , 
The adhesiveness of the dielectric layer and the overwrite cycle-ability of the information recording medium were eval- 
uated. The results are shown in Table 1 7 together with a peak power (Pp) and a bias power (Pb) which were determined 
when evaluating overwrite cycle-ability. 

35 [0301] In this example, the evaluation of adhesiveness of the dielectric layer was conducted by investigating whether 
the delamination occurred in the first information layer 21 and the second information layer 22 respectively under a 
condition which was the same as that in Example 1. The overwrite cycle-ability of the information recording medium 
29 was evaluated under a condition which is the same as in Example 14 by carrying out recording which was equivalent 
to a capacity of 23 GB in the first information layer 21 and the second information layer 22 respectively and then 

40 obtaining the number of overwrite cycles with respecttoeach of the first information Iayer21 and the second information 
layer 22. A laser beam 1 2 was focused on the first recording layer 1 3 when recording on the first information layer 21 , 
and on the second recording layer 18 when recording on the second information layer 22. Considering the upper limit 
of the laser power of the system, it is desirable to satisfy Pp £ 11 1 mW and Pb <, 5.5 mW. 

45 Table 17 



Sample No. 


First Information Layer 


Second Information Layer 


Delamination 


Number of 
Overwrite 
Cycles 


Peak Power 
Pp (mW) 


Delamination 


Number of 
Overwrite 
Cycles 


Peak Power 
Pp (mW) 


15-1 


No 


> 10000 


9.8 


No 


> 10000 


9.9 



[0302] The information recording medium 29 of Sample No. 15-1 of this example was different from the information 
recording medium 25 shown in Figure 1 in the formation order of each layer on the substrate, the number of the 
information layers (that is, the number of the recording layers), the recording conditions (the wavelength of laser beam 
and the numerical aperture). The number of the information layers of Sample No. 15-1 was two while that of the infor- 
mation recording medium 25 was one. Further, the recording capacity of Sample No. 15-1 is ten times larger than that 
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of the information recording medium 25 shown in Figure 1 However irresn Gc ti^ nf th oeQ 

that, even if the interface iayerwas not formed, the use ^S^'^^ST^^ ^erences, ,t was confirmed 

EL h.flT I" '!? f amP ' e ' the flrSt ' SeC ° nd ' foUrth and fifth diele *ric layere 2, 6, 17 and 19 were the oxide 

above Sample 15-1 information recording med.um shows good performance similarly to the 

(Example 16) 

aver L Ge 'Tsb 9 T' ,V? t?^ *" S3me manner 38 in Example 1 ' Therefore . the composition of the 



Sample No. 


Delamination 


Groove Recording 


Land Recording 


Number of 
Overwrite Cycles 


Power (mW) 


Number of 
Overwrite Cycles 


Power (mW) 








PP 


Pb 




Pp 


Pb 


16-1 


No 


> 100000 


11.1 


4.9 


> 100000 


11.2 


5.1 
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Table 18 (continued) 



Sample No. 


Delamination 


Groove Recording 


Land Recording 


Number of 
Overwrite Cycles 


Power (mW) 


Number of 
Overwrite Cycles 


Power (mW) 








Pp 


Pb 




Pp 


Pb 


Comparative 
Sample 


No 


> 100000 


11.0 


5.0 


> 100000 


11.3 


5.2 



15 



20 



[0311] As shown in Table 18, the performance of the information recording medium 30 of Sample No. 16-1 in which 
the oxide-flu oride-based material layer was used as each interface layer was substantially equal to that of the com- 
parative sample. The number of layers constituting Sample No. 16-1 was the same as that constituting the prior art 
information recording medium. Therefore, the effect given by reducing the number of layers cannot be obtained in 
Sample No. 16-1. However, In the case where the oxide-fluoride-based material layer is employed as the interface 
layer, the interface layer can be formed by sputtering in an atmosphere of Ar gas alone, without the need of a reactive 
sputtering which is required for forming an interface layer of, for example, Ge-Cr-N in the prior art. Therefore, variations 
in composition and in thickness occurred in one interface layer of the oxide-fluoride-based material become smaller 
than the variations occurred in the interface layer of Ge-Cr-N. Thus, the readiness and the stability of production can 
be improved. Further since the quality of the oxide-fluoride-based material layer is less dependent on the film-forming 
device, the conditions under which the layer is formed can be optimized more rapidly. Therefore, the use of the oxide- 
fluoride-based material as the interface layer gives an effect of expediting the start of mass production. 



(Example 17) 



30 



40 



45 



[0312] In Example 1 7, as to the information recording medium which included an oxide-fluoride-based material layer 
containing a third, component in addition to oxides of the elements selected from the group GM and a fluoride of the 
element selected from the group GL, the performance was evaluated. In this example, an information recording medium 
27 as shown in Figure 3 was produced in the same manner as in Example 4 except for the material for a second 
dielectric layer 6. 

[0313] Upon forming the second dielectric layer 6, a sputtering target made of (Zr0 2 ) 2g (Si02)29(Cr 2 03)2 1 (LaF3)2 1 
(mol%) was attached to a film-forming device, and sputtering chips which were made of Si3N 4 , Ge, C, Au, Ni, Pd and 
Al and have a size of 1 0 mm x 1 0 mm x 1 mm respectively were located on the sputtering target. The second dielectric 
layer 6 was formed by carrying out a high frequency sputtering in an Ar gas atmosphere under a pressure of 0.13 Pa 
with the use of this sputtering target with the sputtering chips. The power was 400 W. According to the analysis of the 
formed layer, the layer contains (Zr0 2 )29(Si02)29(Cr203) 21 (LaF 3 ) 21 in an amount of 90 mol %, and Si 3 N 4 in an amount 
of 3 mol %, Ge in an amount of 3 mol %, Au in an amount of 0.5 mol %, Ni in an amount of 0.5 mol%, Pd in an amount 
of 0.5 mol %, and Al in an amount of 0.5 mol %. 

[0314] For comparison, an information recording medium 31 which was the same as that produced in Example 1 
was produced as a comparative sample. The adhesiveness of the second dielectric layer 6 in each sample was eval- 
uated under the same conditions as Example 1 . The overwrite cycle-ability of each sample was evaluated by carrying 
out groove recording and land recording in each sample and determining the number of overwrite cycles as to the 
groove recording and the land recording in accordance with the method as described in Example 1 . The results of the 
evaluation are shown in Table 19. 

Table 19 



Sample No. 


Delamination 


Groove Recording 


Land Recording 


Number of 
Overwrite Cycles 


Power (mW) 


Number of 
Overwrite Cycles 


Power (mW) 








Pp 


Pb 




Pp 


Pb 


17-1 


No 


> 100000 


13.6 


6.3 


> 100000 


13.8 


6.5 


Comparative 
Sample 


No 


£ 100000 


11.0 


5.0 


£ 100000 


11.3 


5.2 



55 



[0315] As shown in Table 1 9, Sample No. 1 7-1 showed the adhesiveness and the overwrite cycle-ability which were 
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substantial^ equivalent to those of the comparative sample. Pp and Pb of Sample 1 7-1 satisfied Pp < 14 mW and Pb 
< 7 mW and were sufficiently practicable although they were higher than those of the comparative sample. From these 

GM an'rf T T,'T, V**" ^ C ° ntainS ™ 0Xide < s > of an element(s) selected from the group 

GM and a fluonde(s) of an element(s) selected from the group GL in an amount of 90 mol % or more in total good 
adhesiveness, good overwrite cycle-ability and good recording sensitivity are ensured. 

(Example 18) 

[0316] In the above Examples 1-17, the information recording mediums on which information was recorded by optical 

^IZTZS* Tf • EXamP ' e 18 ' a " ,nformation recordin 9 medium 207 shown in Figure 8 on which information 
was recorded by electric means was produced. This information recording medium is what is called a memory. 
[0317] The information recording medium 207 of this example was produced as follows. Firstly a Si substrate 201 
having a length of 5 mm, a width of 5 mm, and a thickness of 1 mm of which surface was subjected to a nitridinq 
treatment was prepared. On this substrate 201 , a lower electrode 202 of Au with a thickness of 0.1 urn was formed in 
rTch t ^ X ° mm °1 the '° Wer electrode 202 - a Phase-change part 205 of Ge^Sb^Te^ (which Is expressed 
J * 11 . 38 3 com P ound > Wltn a thickness of 0.1 m was formed in a circular area of a diameter of 0 2 mm and 
a thermal .nsulating part 206 of (ZrSiO^Crp^LaF^ (mol%) with the same thickness as the phase-change 
part 205 was formed in an area of 0.6 mm x 0.6 mm (excluding the phase-change part 205). Further, an upper electrode 
204 of Au witJv a thickness of 0.1 R m was formed in an area of 0.6 mm x 0.6 mm. The lower electrode 202, the phase- 
change part 205, and the insulating part 206 were formed by a sputtering method respectively 
S * JlJlTTV T^"? thS P nase " chan 9 e P art 205, a sputtering target (a diameter of 100 mm, a thickness 
of 6 mm) made of a Ge-Sb-Te-based material was attached to a film-forming device, and then a DC sputtering was 
earned out with a power of 1 00 W whi,e introducing Ar gas. A pressure during the sputtering was maintained at about 
0 13 Pa m a process for forming the thermal insulating part 206, a sputtering target (a diameter of 1 00 mm. a thickness 
formirL^ e fl 0 L a th™ e I h h h^ 9 3 COrnp0sition of < 2r SiO 4 )40(Cr 2 O 3 ) 30( LaF3)30 (mol%) was attached to the film- 
»y n ' 9 frequenc y sputtering was carried out under a pressure of about 0.13 Pa The power 

was 400 W. Dunng the sputtering, Ar gas was introduced. Each sputtering in these processes was conducted while 

IZT^T area , °« 9 SUrfa ° e °" WhiCh 3 film WaS to be ,ormed with a mask 80 ,h£ <t the phase change part 
SfnTf • . ♦ -on! 206 " 0t ° Ver ' ap ea ° h ° ther The forTnation order 01 ,he Phase-change part 205 and the 
thermal insulating part 206 is not limited to a particular one, and either may be fornned earlier 
[0319] The phase^change part 205 and the thermal insulating part 206 constituted a recording part 203 The ohase- 
enr 9 , 6 ,! 3 ?" 205 Corre , S P° nded to a r «ording layer according to this invention. The thermal insulating part 206 corre- 
sponded to an oxide-fluoride-based material layer according to this invention. 

[0320] The detailed description of processes for forming the lower electrode 202 and the upper electrode 204 is 
r e Ie;tode C fom^at!on eCtr0de ^""^ * * SpM ^ method which is 9 enerall V em P'°V ed in the technical field 

cordino m P JdturJr 9 r e tK CCUrred f ^ P hase ^ hfln 9 e P** 205 by applying an electric energy to the information re- 
cording med.um 207 of th.s example thus produced. This was confirmed by means of a system shown in Figure 9 The 
cross sectional view of the information recording medium 207 shown In Figure 9 is the cross section of the ^formation 
ecord.ng medium 207 taken along a line A-B in a direction of its thickness shown in Figure 8 

inn .J Sh ° Wn FiQUre 9 ' m ° re SP 6 *" 03 "* I*" Parts 212 for application were bonded to the lower electrode 202 
and the upper electrode 204 respectively with a lead wire of Au. Thus, an electrically recording/reproducing device 
214 was connected to the information recording medium (memory) 207 through these application parts 21 2 Between 
he application parts 212 which were respectively connected to the lower electrode 202 and the upper electrode 204 
in the electrically recording/reproducing device 21 4, a pulse producing part 208 was connected through a switch 21 0 
209 lZ S rT C TZ? """I dSViCe 209 WaS 3lS0 connected trough a switch 211. The resistance measuring device 
!1,h„ h 1° 9 )U . 9ment Paft 213 WhiCh jUd9ed Whether a ^^tance value measured by the resistance 
measunng device 209 was high or low. A current pulse was transmitted between the upper electrode 204 and the lower 
electrode 202 via the application parts 21 2 by means of the pulse producing part 208, while a resistance value between 
the lower electrode 202 and the upper electrode 204 was measured by the resistance measuring device 209 Thus 
nln^r r T 6 T jUd9ed by the i ud 9 ment - P art 213 whether it was high or low. Such resistance value 
generally changes because of the phase change of the phase-change part 205. Therefore, the state of a phase of the 
phase-change part 205 was able to be known based on the result of this judgment 

[0323] In the case of this example, the merting point of the phase-change part 205 was 630 °C, the crystallization 
emperature thereof was 170 °C, and the crystallization time thereof was 130 ns. The resistance value between the 
lower electrode 202 and the upper e.ectrode 204 was 1 000 U when the phase-change part 205 wJ H n meZ of 

^ITS^T' an ,u WaS 20 fi Whe " ^ WaS in the State of canine phase. A current pulse of 20 mA and 150 ns 
was apphed between the upper electrodes 204 and the lower electrode 202 when the phase-change part 205 was in 
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the state of amorphous phase (i.e. in the level of high resistance). As a result, the resistance value between the lower 
electrode 202 and the upper electrode 204 dropped and the phase-change part 205 changed Into the state of crystalline 
phase from the state of amorphous phase. Further, a current pulse of 200 mA and 1 00 ns was applied between the 
upper electrodes 204 and the lower electrode 202 when the phase-change part 205 was in the state of crystalline 
5 phase (i.e. in the level of low resistance). As a result, the resistance value between the lower electrode 202 and the 
upper electrode 204 rose and the phase-change part 205 changed into the state of amorphous phase from the state 
of crystalline phase. 

[0324] From the result described above, it was confirmed that a phase change occurred in the phase-change part 
(a recording layer) by using the layer made of a material having a composition of (ZrSiO 4 )4 0 (Cr2O3)3 0 (LaF 3 )3 0 (mol%) 
10 as the thermal insulating part 206 around the phase-change part 205 and by applying an electric energy to it. Therefore, 
it was also confirmed that the information recording medium 207 had a function of recording an information. 
[0325] As in this example, in the case where the thermal insulating part 206 of (ZrSiO4)4 0 (Cr 2 O 3 )3 0 (LaF3)3 0 (mol%) 
which is a dielectric substance is provided around the column-shaped phase-change part 205, it effectively prevents 
a current, which flows into the phase-change part 205 by applying a voltage between the upper electrode 204 and the 
is lower electrode 202, from escaping to the periphery of the phase-change part 205. As a result, a temperature of the 
phase-change part 205 can be efficiently raised by the Joule heat generated by the current. Particularly, in order to 
change the phase-change part 205 into the state of amorphous phase, a process of melting the phase-change part 
205 of Ge3QSb 10 Te 52 followed by quenching it is required. By providing the thermal insulating part 206 around the 
phase-change part 205, the phase-change part melting can be occurred with a smaller current. 
20 [0326] A material of (ZrSiO^^CrgOs^LaFsko (mol%) for the thermal insulating part 206 has a high melting point. 
Moreover, an atomic diffusion caused by heat hardly takes place in this material. Thus, the material is applicable to an 
electric memory such as the information recording medium 207. Additionally, in the case where the thermal insulating 
part 206 is located along the periphery of the phase-change part 205 t the thermal insulating part 206 serves to sub- 
stantially isolate the phase-change part 205 electrically and thermally in the plane of the recording part 203. By utilizing 
25 this and providing a plurality of phase-change parts 205 in the information recording medium 207 so that the phase- 
change parts 205 are isolated from each other by the thermal insulating part 206, the memory capacity of the information 
recording medium 207 can be made larger and accessing function and/or switching function can be improved. In 
addition, a plurality of information recording mediums 207 themselves can also be connected to each other. 
[0327] An information recording medium of this invention has been demonstrated through various examples there- 
to inbefore. An oxide-fluoride-based material layer can be used for both an information recording medium recorded with 
optical means and an information recording medium recorded with electric means. According to an information record- 
ing medium of this invention which includes the oxide-fluoride-based material layer, an constitution which has not been 
realized can be realized, and/or hihger performance were obtained compared with the prior art information recording 
medium; 

35 

Claims 

1 . An information recording medium comprising: 

40 

a substrate; 

a recording layer wherein a phase change between a crystal phase and an amorphous phase Is generated 
by irradiation of light or application of an electric energy; and 

an oxide-fluoride-based material layer comprising at least one element selected from the group GM consisting 
45 of Ti, Zr, Hf, Nb : Ta, Cr and Si, oxygen atom, at least one element selected from the group GL consisting of 

La, Ce, Pr, Nd. Gd, Dy, Ho, Er and Yb, and fluorine atom. 

2. The information recording medium according to claim 1 , wherein the oxide-fluoride-based material layer comprises 
a material expressed with a formula: 

50 

M h O,LjF k (atomic %) 

wherein M represents at least one element selected from the group GM, L represents at least one element selected 
55 from the group GL, and H, I, J and K satisfy 10 < H < 45, 24 < I < 76, 0 < J < 19, and 0 < K < 48. 

3. The information recording medium according to claim 1 , wherein the oxide-fluoride-based material layer comprises 
a material which contains Cr and at least one element selected from the group GM1 consisting of Ti, Zr, Hf and 
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7a as the elements selected from the group GM, and at least one element selected from the group GL1 consisting 
of La, Ce, Pr and Nd as the element(s) selected from the group GL, and is expressed with a formula: 

Ml p Cr o°i Ll jF K (atomic %) 

S^hI* 1 T 6SentS * least one element selected f ™ the group GM1, U represents at least one element 
selected from the group GL1 , and P, Q, I, J and K satisfy 0 < P <38, 0 < Q < 45, 24 < I < 76, 0 < J < 1 9, and 0 < K <; 48 

The information recording medium accordingtoclaim 1 , wherein the oxide-fluoride-based material layer comprises 
a material which contains Cr, Si and at least one element selected from the group GM1 consisting of T, Zr Hf and 

l£ cl tTn^ T T the , 9 !° UP GM ' a " d 31 ' eaSt ° ne e,ement Selected from the 9 ro "P Gl -1 consisting 
of La, Ce, Pr and Nd as the elements) selected from the group GL, and is expressed with a formula: 

M- R Cr s Si T 0 

v^w ( a t°mic %) 

S^Sl^r 88 " 18 ° ne e ' ement Sel6Cted from the group GM1 - L1 ^Presents at least one element 

V iZ ' and 0 < W 9 <45 ' S ' T ' U ' V 3nd W SatiSf V ° < 28, 0 < S < 33, 0 < T S 1 9, 25 £ U £ 70, 0 < 

The information recording medium accordingtoclaim 1 , whereinthe oxide-fluoride-based material layercomprises- 
a) one or mora oxides; and (b) one or more fluorides, and each oxide is an oxide of at least one element selected 

«££h ? roUP , G COnslat , ,n 9 of T >- Zr - Hf - Nb - Ta ' Cr ^d Si, and each fluoride is a fluoride of at least one element 
selected from the group GL consisting of La, Ce, Pr, Nd, Gd, Dy, Ho, Er and Yb. 

The information recording medium according to claim 5, wherein the oxide-fluoride-based material layercomprises 
he group of oxides of the elements selected from the group GM and thegroup of fluorides of fhe elements selected 
from the group GL in an amount of 90 mol % or more in total. 

*»!T, TT n T° r f'!l 9 T diUm accordin 9 to claim 5 - whe ™" the oxide-fluoride-based, material layer comprises 
the group of oxides of the elements selected from the group GM in an amount of 50 mol % or more 

The Information recording medium according to claim 5, wherein the oxide-fluoride-based material layercomprises 
an ox.de of Cr and one or more oxides which each are an oxide of at least one element selected from the group 
GM1 consisting of Ti, Zr, Hf and Ta as the oxides of the elements selected from the group GM, and one or more 

W ,: Ch f| eaCh . 3 f ' UOride ° f at ' eaSt ° ne elemem selected from the 9™P ~nstetlng of La cTTr 
and Nd as the fluoride(s) of the element(s) selected from the group GL. 

9. The ^information recording medium accordingto claim 8, whereinthe oxide-fluoride-based material layercomprises 

seized 'ZZl ™ SelCCted ,r ° m 9r ° UP GM ' thS ° Xide ° f Cr and the 9 rou P of ° xides ° f th * 

selected from the group GM1 consisting of Ti, Zr, Hf and Ta in an amount of 50 mol % or more in total. 

10 ' ^nH° rmati0n recor , d l ng medium according to claim 9, wherein the oxide-fluoride-based material layer further 
compnses an oxide of Si as the oxide of the element selected from the group GM. 

1 1 . The infection recording medium according to claim 5, wherein the oxide-fluoride-based material layer comprises 

torn the^PM ^ St r° ne °f I Se ' eCted ff0m Zr ° 2 ' H '° 2 8nd Ta 2°s 93 ,he 0Xides of the elemen * selected 
from the group GM, and LaF 3 as the fluoride of the element selected from the group GL. 

12. The infomiation recording medium according to claim 11, wherein the oxide-fluoride-based material layer com- 
pnses a material expressed with a formula: 

(D) x (SiO 2 ) y (Cr 2 O 3 ) z (LaF 3 ) 100 . x . Y . z (mol %) 

v 1 5o^oTz n, < Ttss? from zro * Hf ° 2 and ^ and *■ y and 2 —» 20 ^ 
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1 3. The information recording medium according to claim 5, wherein the oxide-fluoride-based material layer comprises 
ZrSI0 4 and Cr 2 0 3 as the oxides of the elements selected from the group GM. and LaF 3 as the fluoride of the 
element selected from the group GL. 

5 14. The information recording medium according to claim 13, wherein the oxide-fluoride-based material layer com- 
prises a material expressed with a formula: 

(ZrSiO 4 ) A (Cr 2 O 3 ) B (LaF 3 ) 100 . A . B (mol %) 

10 

wherein A and B satisfy 20 <, A<, 70. 1 0 <, B <, 50, and 50 £ A+B £ 90. 

15. The information recording medium according to claim 1 , wherein the phase change is generated reversibly in the 
recording layer. 

15 

16. The information recording medium according to claim 1 5, wherein the recording layer comprises a material selected 
from Ge-Sb-Te, Ge-Sn-Sb-Te, Ge-Bi-Te, Ge-Sn-Bi-Te, Ge-Sb-Bi-Te, Ge-Sn-Sb-Bi-Te, Ag-ln-Sb-Te and Sb-Te. 

17. The information recording medium according to claim 15, wherein the thickness of the recording layer is 15 nm or 
20 less. 

18. The information recording medium according to claim 1 , wherein two or more recording layers are provided. 

19. The information recording medium according to claim 1 , wherein a first dielectric layer, the recording layer, a second 
25 dielectric layer, and a reflective layer are formed in order on one surface of the substrate, and at least one of. the 

first dielectric layer and the second dielectric layer is the oxide-fluoride- based material layer and is in contact with 
the recording layer. 

20. The information recording medium according to claim 1 , wherein a first dielectric layer, an interface layer, the 
30 recording layer, a second dielectric layer, an optical compensation layer and a reflective layer are formed in order 

on one surface of the substrate, and the second dielectric layer is the oxide-fiuoride-based material layer and is 
in contact with the recording layer, 

21. 'The information recording medium according to claim 1 , wherein a reflective layer, a second dielectric layer, the 
35 recording layer and a first dielectric layer are formed in order on one surface of the substrate, and at least one of 

the first dielectric layer and the second dielectric layer is the oxide-fluoride-based material layer and is in contact 
with the recording layer. 

22. The information recording medium according to claim 1 , wherein a reflective layer, an optical compensation layer, 
40 a second dielectric layer, the recording layer, an interface layer and a first dielectric layer are formed in order on 

one surface of the substrate, and the second dielectric layer is the oxide-fluoride-based material layer and is in 
contact with the recording layer. 

23. The information recording medium according to claim 1, wherein at least a second recording layer and a first 
45 recording layer are formed In order on one surface of the substrate, and at least one oxide-fluoride-based material 

layer is formed in contact with the first recording layer or the second recording layer. 

24. The information recording medium according to claim 1 , wherein at least a second reflective layer, a fifth dielectric 
layer, a second recording layer, a fourth dielectric layer, an intermediate layer, a third dielectric layer, a first reflective 

so layer, a second dielectric layer, a first recording layer, and a first dielectric layer are formed in order, and at least 

one of the first dielectric layer, the second dielectric layer the fourth dielectric layer and the fifth dielectric layer is 
the oxide-fluoride-based material layer formed in contact with the first recording layer or the second recording layer. 

25. A method for producing an information recording medium which comprises a substrate, a recording layer, and an 
55 oxide-fluoride-based material layer comprising at least one element selected from the group GM consisting of Ti, 

Zr, Hf , Nb, Ta, Cr and Si, oxygen atom, at least one element selected from the group GL consisting of La, Ce, Pr, 
Nd, Gd, Dy, Ho, Er and Yb, and fluorine atom, the method comprising a process of forming the oxide-fluoride- 
based material layer by a sputtering method using a sputtering target comprising at least one element selected 
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from the group GM, oxygen atom, at least one element selected from the group GL and fluorine atom. 

26. The method according to claim 25, wherein the sputtering target comprises a material expressed with a formula: 

M h O i L j F k (atomic %) 

wherein M represents at least one element selected from the group GM , L represents at least one element selected 
from the group GL, and h, L j and k satisfy 10 < h < 45, 24 < i < 76, 0 < j < 19, and 0 < k < 48. 

27. The method according to claim 25 : wherein the sputtering target comprises a material which contains Cr and at 
least one element selected from the group GM1 consisting of Ti, Zr, Hf and Ta as the elements selected from the 
group GM, and at least one element selected from the group GL1 consisting of La, Ce, Pr and Nd as .the element 
(s) selected from the group GL, and is expressed with a formula: 

M 1 p Cr q O i L 1 j F k (atomic %) 

wherein M 1 represents at least one element selected from the group GM1, L 1 represents at least one element 
selected from the group GL1 , and p, q, i, j and k satisfy 0 < p < 38, 0 < q < 45, 24 < i < 76, 0 < j < 1 9, and 0 < k < 48. 

28. The method according to claim 25, wherein the sputtering target comprises a material which contains Cr, Si and 
at least one element selected from the group GM1 consisting of 77, Zr, Hf and Ta as the elements selected from 
the group GM, and at least one element selected from the group GL1 consisting of La, Ce, Pr and Nd as the 
element(s) selected from the group GL, and is expressed with a formula: 

M 1 r Cr s Si t O u L 1 v F w (atomic %) 

wherein M 1 represents at least one element selected from the group GM1, L 1 represents at least one element 
selected from the group GL1 , and r, s, t, u, v and w satisfy 0 < r < 28, 0 < s < 33, 0 < t < 1 9. 25 < u < 70, 0 < v < 
18, and 0 < w<45. 

29. The method according to claim. 25, wherein the sputtering target comprises: (a) one or more oxides; and (b) one 
or more fluorides, and each oxide is an oxide of at least one element selected from the group GM consisting of Ti, 
Zr, Hf, Nb, Ta, Cr and Si, and each fluoride is a fluoride of at least one element selected from the group GL consisting 
of La, Ce, Pr, Nd, Gd, Dy, Ho, Er and Yb. 

30. The method according to claim 29, wherein the sputtering target comprises the group of oxides of the elements 
selected from the group GM and the group of fluorides of the elements selected from the group GL in an amount 
of 90 mol % or more in total. 

31. The method according to claim 29 : wherein the sputtering target comprises the group of oxides of the elements 
selected from the group GM in an amount of 50 mol % or more. 

32. The method according to claim 29, wherein the sputtering target comprises an oxide of Cr and one or more oxides 
which each are an oxide of at least one element selected from the group GM1 consisting of Ti, Zr, Hf and Ta as 
the oxides of the elements selected from the group GM, and one or more fluorides which each are a fluoride of at 
least one element selected from the group GL1 consisting of La, Ce, Pr and Nd as the fluoride(s) of the element 
(s) selected from the group GL. 

33. The method according to claim 32, wherein the sputtering target comprises, as the oxides of the elements selected 
from the group GM, an oxide of Cr and the group of oxides of the elements selected from the group GM1 consisting 
of Ti, Zr, Hf and Ta in an amount of 50 mol % or more in total. 

34. The method according to claim 33, wherein the sputtering target further comprises an oxide of Si as the oxide of 
the element selected from the group GM. 
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35. The method according to claim 29, wherein the sputtering target comprises Si0 2 and Cr 2 0 3 and at least one oxide 
selected from Zr0 2 , Hf0 2 and Ta 2 O s as the oxides of the elements selected from the group GM, and LaF 3 as the 
fluoride of the element selected from the group GL. 

36. The method according to claim 35, wherein the sputtering target comprises a material which is expressed with a 
formula; 

(D) x (SiO 2 ) y (Cr 2 O 3 ) z (LaF 3 ) 10o . x . y . 2 (mol %) 

wherein D represents at least one oxide selected from Zr0 2 , Hf0 2 and Ta 2 0 5: and x, y and z satisfy 20 £ x <, 70, 
10 < y < 50, 1 0 < z < 60, and 50 < x+y+z < 90. 

37. The method according to claim 29, wherein the sputtering target comprises ZrSi0 4 and Cr 2 0 3 as the oxides of the 
elements, selected from the group GM, and LaF 3 as the fluoride of the element selected from the group GL. 

38. The method according to claim 37, wherein the sputtering target comprises a material which is expressed with a 
formula: 

(ZrSiO 4 ) a (Cr 2 O 3 ) b (LaF 3 ) 100 . a . b (mol%) 
wherein a and b satisfy 20 < a < 70, 10 < b < 50, and 50 < a+b < 90. 
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Fig. 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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